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THE VITA.M1NS 




THE VITAMINS IN GENERAL 


1. Definition of Vitamins 

Vitamins are organic compounds which are required for the normal growth 
and mainlmance of life of animals, including man, who, as a rule, are unable 
to synthesize these compounds by anabolic processes that are independent of 
enoironment other than air, and which compounds are effective i^ smaU 
amounts, do not furnish energy and are not utUited as building units for tite 
structure of the organism, but are essential for the tranfformoHon of energy 
and for the regulation of the m^abolism of structural units. 

The science of nutrition classifies the alimentary constituents (according 
to their function) into two different groups: energy and building unit pro- 
viding food, on the one hand, and protective food, on the other. The 
latter group comprises water, inorganic substances and certain organic 
compounds among which are the vitamins. The definition of vitamins, as 
given above, clearly differentiates this group of nutrients from all other 
food constituents. Vitamins are organic corapfmnds, and water or inor- 
ganic substances cannot be classified as vitamins. Vitamins are required 
for the normal growth and maintenance of life of animals, including man. 
All known vitamins, with the probable exception of vitamin D, are syn- 
therized by plants and, as far as is known, are used by them essentially for 
the same purposes as by man and animals. The latter, however, as a 
rule am unable to synthesize these compounds by anabolic juocesses which 
are independent of the environment with the exception of air. In other 
words, the inherently available mechanisms of organo-synthesis in animals 
and man are not provided with means to inoduce the vitamins. On the 
other hand, those compounds which are produced anabolically (or cata- 
bolically) and which otherwise conform to the definition ior vitamins as 
given above are classified as hormones The apparent independence of 
cattle for certain members of the vitamin B complex and for vitamin K is 
due to bacterial synthesis of these vitamins in the rumen which is not an 
anabolic process. Tlie production of vitamin D in the skin is not an ana- 
bolic i»ocess as defined since this {M-ocess is not independent of the envuon- 



‘1 


VITAMINS IN GKNKK.\L 


ment but requires eiicrg;y from the outside. This energy consists of ultra- 
violet light and is normally supplied by sunlight. 

Vitamins are compounds which are effective in small amounts and occur 
as traces in cells and body fluids. While the maximum concentration in 
tissues or fluids, with the exception of those which serve as storage places, 
has not been determined for all vitamins, it is estimated that the amount of 
any one vitamin is less than 5 y per gram of dry weight.^ Vitamins do not 
furnish energy and are thus distinguished from the energy-beating food 
constituents. The amount of vitamins needed is too small to acebunt for 
even a fraction of the total energy required. Actually, minute quantities of 
vitamins are burned in the organism, but the energy set free by this\process 
is infinitesimal. The vitamins, furthermore, do not act as morphological 
or structural building units of the organism or its cells. The fact that ex- 
cessive amounts of most vitamins are excreted unchanged indicates that 
they are not utilized as suppliers of energy or as structural building units. 
The vitamins are, however, essential for the transformation of energy and 
for the regulation of the metabolism of structural units, and are functional 
ill systems which carry out these reactions. Such systems are quite 
complex and are, as far as is known, enzymatic in character. These 
enzyme systems consist of many different components, a few of which arc 
vitamins. 

Vitamins are required by animals, including man, as has been stated pre- 
viously. As long as at least one animal species is known to be unable to 
synthesize a particular compound, that compound should be considered 
a vitamin provided it conforms with the definition for vitamins in other 
particulars. Actually it cannot be expected that all animals need exactly 
the same nutritional elements. In accordance with this thought it has, 
for example, been observed that the cockroach apparently does not need 
any vitamin A,* and it is conceivable that animals will be discovered which 
do not need any vitamin 'D. Ascorbic acid, on the other hand, while ap- 
parently needed by all animals, is synthesized by many of them, whereas 
other animals, such as the primates and the guinea pig, are dependent upon 
an outside source of this compound. Ascorbic acid is thus a vitamin ac- 
cording to the definition of this term. 

The classification of the nutritional elements which exert vitamin A 
activity requires special consideration. Man and most animals obtain in 
their foods two different types of substances which bring about the same 

1 D. K. Green, Adtanets in Enwymoloty, 1, 177 (1041). 

s R. K. Bowen and C. M. McCay, Seienet, 92, 201 (1040). 
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physiological effect. Both groups belong to the same dass of organic com- 
pounds, namely, the carotenoids. They differ from each other in that the 
one group contains 40 carbon atoms in the molecule, while the other 
group contains about 20 carbon atoms. The first group of substances is 
converted metabolically into the second group in the animal organism. 
The second group has acquired the term vitamin A while the first group 
has been designated as provitamin A. This terminology is not in strict 
agreement with the definition for vitamins, according to which both groups 
of compounds should be called vitamins. The term provitamin A has, 
lujwever, been retained in this monograph in accordance with general 
usage in order to avoid further complication of the vitamin terminology, 
since different terms have to be applied to the two different types of com- 
pounds. 

The definition of vitamins, as given above, has not been undisputed. 
The most severe criticism is bom of the thought that the ingested essential 
nutrients exert no vitamin activity as such, but are active only after chemi- 
cal transformation into other compounds. According to these views, the 
ingested compounds should be called provitamins unless it is established 
that they do not undergo transformation in the body. Nicotinamide and 
nicotinic acid according to this interpretation should be called provitamins, 
while nicotinamide-containing coenzymes, codehydrogenase I and II, 
should be called vitamins. Similarly vitamin Bi (thiamin) and vitamin Bs 
(riboflavin) should be called provitamins. This definition of the term 
vitamin, however,’ does not appear desirable. Compounds like nicotin- 
amide and riboflavin are constituents of a number of different enzymes and 
a multitude of different vitamins would have to be postulated. As a re- 
sult, it would be difficult in many cases to decide if the coenzyme or the 
entire enzyme system should be called a vitamin. The term '^vitamin'’ 
would be dissociated from the science of nutrition which needs a term for 
these compounds. The term *'vitamin” as defined on page 3 has served 
a useful purpose and it appears more logical to adopt a special term for 
enzymes which contain vitamins, such as, for example, the term ''vita- 
zyme,'’ than to change radically the present-day vitamin definition which 
has been adopted generally. 

There is another group of organic compounds which are protective foods. 
They, like the vitamins, are required for normal growth and maintenance 
of life of animals, including man, who, as a rule, are unable to synthesize 
these compounds by anabolic processes. They are also essential for the 
transformation of energy and tor the regulation of the metabolism of struc- 
tural units. These compounds differ from the vitamins in that they also 
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act as suppliers of energy or as structural building units. In view of the 
similarity of these compounds to the vitamins, but in recognition of the fact 
that they differ in one important functional aspect from them, it is sug* 
gested that this class of compounds be called "'vitagens,'* This term is 
broad and emphasizes that the compounds of this class are concerned with 
the production and maintenance of life. It is recommended that this 
terminology be adopted until the time when more precise information is 
available concerning the physiological action of these compounds! and the 
vitamins. \ 

1'he number of compounds which should be classified as vit^gens is 
unknown. I'here is ample evidence that they include the essential fatty 
acids and the essential amiiKi-acids. There may be some essential carbo- 
hydrates which conform to the vitagen concept. Choline and related 
compounds which supply the essential transferable methyl group are 
vitagens and it is suspected that some organic sulfur-containing compounds 
will be discovered which belong to this group. The actual vitagen nature 
of all these compounds, however, has not been demonstrated. The essen- 
tial fatty acids are structural units in many phospholipids and their physio- 
logical action appears to be primarily a regulatory one. Some of the es- 
sential amino-acids have been shown to be structural building units for tis- 
sue and cellular and intracellular fluid constituents but are also constituents 
of enzyme systems involved in the metabolism of energy-bearing foods. 
For example, the essential amino-acids lysine, histidine, tryptophane, 
phenyl-alanine and arginine are constituents’ of the apoenzyme of a ribo- 
flavin-enzyme system, and the possibility remains that some other essen- 
tial amino-acid is present in this system. Choline and other compounds, 
which provide an essential transferable methyl group for the anabolism 
of the structure of the organism, also act as regulators, for example, in the 
distribution of fat. 

A dietary deficiency of any one of the vitagens gives rise to specific 
clinical symptoms which are similar to those encountered in vitamin de- 
ficiencies. Obviously, they might be considerably complex since the vita- 
gens have the double function of providing energy or building units on the 
one hand, and of being concerned with the transformation of energy or the 
regulation of the metabolism of structural units on the other hand. A 
deficiency of any one of the essential amino-acids which are constituents 
of a riboflavin-enzyme system, should eventually cause the occurrence of 
the same syndromes which are observed during times of riboflavin defi- 

• R. Kttlui and P. Detnuelle. £#r., 70 ^ 1907 ( 1937 ). 
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dency. Whether or not that is actually the case cannot he stated. It 
might be expected that during times of a vitagen defidency the vitagen 
would be liberated in the oi^;anism from the structural materials and 
utilized functionally. This, however, does not seem to be the case. 
Thus a defidency of choline in the diet becomes apparent from a disturb- 
ance of the distribution of fat in the liver in spite of the presence of very 
large amounts of choline in the phospholipids of the body.* 

2. History of the Discovery of the Vitamins* 

Generally speaking, three distinctly different periods in the history of 
vitamins can be differentiated. First there was the period which is charac- 
terized by the recognition of the existence of nutrient materials dj^erent 
from those which are needed only for the maintenance of the energy and 
building unit supply. This period actually began many centuries ago 
but became a definite sdence at the ttUD of this century. The second 
period is that of the isolation of a great number of vitamins in pure form 
and the duddation of their chemical structure which culminated in the 
S3mtheds of various vitamin compounds. This period started about in 
the middle of the 1920’s when the first dtamins were obtained in crystal- 
line form. The last period is characterized by the recognition that various 
compounds which were previously known to exert beneficial effects in the 
growth of lower organisms such as yeast and bacteria are also necessary for 
man and animals! Simultaneously an earnest effort is being made to un- 
derstand the phjrsiology and the mechanism of the vitamin action, which 
has resulted so far in the recognition of the part which various vitamins, 
especially those of the B-coraplex, play in a number of different enzj/me 
S3rstems. 

Diseases of the human organism caused by a defidency of vitamins are 
probably as old as the human race. Among the uncovered skdetons of 
prehistoric man are some which show definite signs of rickets (vitamin D de- 
fidency) and of scurvy (vitamin C defidency). The symptoms of these 
diseases and of beriberi (vitamin Bj defidency) and of night-blindness 
(vitamin A defidency) were known to the physicians of ancient days, and 
were described in various manuscripts which were vnitten in the fiist 
thousand years a.d. With the exception of a remedy for night-blindness 
no effective therapeutic methods were known at that time for curing or pre- 

* F. X Aytwud, H. J. Ouuuiaa uid H. Wilkinxm, Bhdum. 2», ISB (1938). 

‘ non details of the biitarictl dsvdopncat see: H. C. Sbennan and & L. Saith, Tkt VUtmhu, 
New Yo(fe,1931; Medical R tn a ixh Coundl, VUamiiu: A Sarny of FrcMai Ka«eiMf«. I.andon, 1933; 
V. Brnna. JMaah. JM. Wadutkr.. it, 333 (1937). 
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venting these diseases. The old Greek, Roman and Arab physicians 
recommended an internal and external therapy with livers of goats to 
overcome night-blindness. The cure of the blind Tobias by meaps of fish 
bile, as described in the Bible, points to an early knowledge of means for 
dealing with night-blindness. Effective therapeutic measures against 
other diseases which are now known to be caused by vitamin deficiencies 
were not discovered prior to modern times. In the middle off the Ifith 
century oranges and lemon juice were recommended as a cure for scurvy, 
and in the 17th century oranges apparently were used by the DiHch navy 
to prevent the occurrence of scurvy. At the same time the curative effect 
of fresh vegetables was observed and horse-radish preserved in French 
brandy was used successfully to prevent scurvy during long voyages 
(Dietz, l()65). However, the beneficial effects of these materials were not 
generally recognized and in the following century the therapy of scurvy 
with fresh vegetables and with lemon juice was discovered anew and ad- 
vocated (by the Austrian physician Kramer in 1720 and by the English 
physician Lind in 1757). During the middle ages, many different remedies 
were occasionally recommended for the treatment of rickets among which 
are some known today to be effective such as fresh air, sunshine, egg yolk 
and fried fish livers. In 1824 Schiitte recommended the use of fish liver 
oils. No remedies were known for beriberi until 1882 when Takaki ob- 
served that the onset of this disease could be prevented in the Japanese* 
Nayy by dietary means. 

The few isolated reports about the curative effect of nutritional materials 
upon special diseases remained as a whole unrecognized. Until about the 
end of the last century food was generally believed to consist solely of 
carbohydrates, fats, proteins, salts, and water. Previously only a few in- 
vestigators expressed the view that diseases could possibly originate from 
faulty nutrition. In 1657 Hoefer and in 1754 von Bergen expressed the 
view that night-blindness is caused by malnutrition. In 1755 Rouppe 
claimed that a deficiency of fresh vegetables in the nutrition caused scurvy, 
and in 1785 Rosen von Rosenstein believed that rickets was caused by 
faulty nutrition. Prior to the existence of the vitamin concept the explana- 
tion was offered that if special foods really have a beneficial effect, which 
was doubted by the majority of the physicians, this effect is due solely to 
the ability of foods to overcome an unknown toxic material which was 
thought to cause the specific disease. 

The impulse for the formation of the theory that certain foods contain 
special substances which are essential for life in addition to the carbohy- 
drates, fats, proteins, salts and water came from experimental studies with 
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living organisms. The first investigator who conducted such experiments 
was probably J. von Liebig. He found that yeast does not fermint or 
grow properly unless some unknown material, present in extracts from ani- 
mal materials, is added to the culture medium. Shortly afterwards von 
Bunge set up experiments with the object of proving or disproving the 
theory that carbohydrates, fats, proteins and salt and water are the only 
necessary food constituents. Forster had observed in 1873 that pigeons 
and dogs died within a short period of time when they were fed only carbo- 
hydrates, fats, proteins and water. Lunin in von Bunge’s laboratory in 
18S1 experimented with mice and found that the addition of salts (obtained 
by ashing milk), which Forster had not offered to his animals, to the diet 
did not materially increase the survival time of the animals, while the addi- 
tion of fresh milk to the diet kept the experimental animals alive, i^unin 
concluded that natural substances such as milk* contain, besides known 
principles, small quantities of unknown substances essential to life. Thus 
the vitamin theory was essentially formulated. However, it took another 
generation to rediscover and prove this early concept. 

It was generally assumed that the diseases which could be cured by die- 
tary means were caused by some unknown germ, bacterium, toxin or the 
like. The clue that these diseases occur because of a deficiency of nutri- 
tional material came from studies with beriberi. Eijkman reported in 
1897 that hens which had been fed on milled rice developed a disease which 
closely resembled human beriberi. Thus, for the first time, an experi- 
mental vitamin deficiency was produced in animals, although this was not 
recognized at that time. Eijkman found, furthermore, that the disease 
could be prevented or cured by feeding rice bran together with the milled 
rice, and that the substance responsible for the therapeutic effect could 
be extracted from the bran by water or alcohol. A few years later (1901), 
Grijns, a colleague of Eijkman, proclaimed that the anti-beriberi substance 
acts not because it counteracts an unknown producer of the disease, but 
because the diet lacks certain essential constituents. 

In 1907 Holst and Frolich attempted to produce beriberi in guinea pigs 
experimentally just as Eijkman produced this disease in chickens. The 
guinea pig, however, did not develop beriberi, but another disease which 
was recognized as scurvy. The discovery of the experiment^ animal 
scurvy was soon used to study the distribution of the anti-scurvy compound 
in foodstuffs. 

Two special pathological conditions, beriberi and scurvy, were thus 
traced to nutritional deficiencies. Hopkins (190() and 1012) was the first 
to emphasize the physiological and universal importance of specific nutri- 
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tional constituents. He carried out experiments on rats by supplying 
them with a diet consisting of purified carbohydrates, fats, proteins, inor- 
ganic material and water. The animals did not flourish, but growth re- 
sulted when "'astonishingly'’ small amounts of milk were added to the diet 
(similar to the earlier but less exact experiments of Limin). In place of 
milk, the alcohol- or ether-soluble fraction of milk was found to bring about 
the same effect. In 1909 Stepp observed that similar growth-promot- 
ing substances are present in bread. Pekelharing had already em^asized 
in 1905 in a paper which was overlooked for many years that ofi,ly very 
small amounts of these substances present in traces in milk and probably 
in all sorts of foodstuffs, both of vegetable and animal origin, are necessary 
to keep mice alive. 

Funk in 1912 reviewed the then existing knowledge of the diseases caused 
by nutritional errors. They were beriberi, and scurvy and possibly also 
rickets, sprue and pellagra. Funk was apparently the first to recognize 
pellagra as a nutritional deficiency disease. The etiology of sprue is still 
unknown today. Funk attempted to isolate the compound which pre- 
vents beriberi and concluded that it is, chemically speaking, an amine. 
Funk did not succeed in isolating the pure substance but obtained nicotinic 
acid as a by-product which he showed to have some slight beneficial 
growth effect. (Today we recognize nicotinic acid as the pellagra preven- 
tive compound.) In systematizing the knowledge of the nutritional ele- 
ments other than carbohydrates, fats, proteins, inorganics and water. Funk 
called this new class of compounds “vitamines," a term which was later 
changed to “vitamins” (see under Nomenclature of the vitamins, page 
12). Thus the first period of the history of vitamins in which the existence 
of the vitamins was recognized and proved is concluded. 

In the second period of vitamin research, various vitamins were isolated 
in the pure state, their chemical constitution established and their chemical 
synthesis achieved. This development was made possible by using experi- 
mental animals as tools in order to determine the presence and concentra- 
tion of vitamins and for studying and differentiating the symptoms caused 
by special diets deficient in various constituents. The isolation, the deter- 
mination of the chemical structure and the synthesis of the vitamins will be 
discussed later. At this point the historic development leads to a special 
history of each single vitamin. This will be presented in the discussion of 
each vitamin under “Chronology.” In this period the following vitamins 
were elucidated: vitamin A (the compound which prevents night-blind- 
n^s), vitamin Bi (the anti-beriberi vitamin), vitamin B*, vitamin B«, 
vitamin C (the anti-scurvy substance), vitamin D (the anti-rickets com- 
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pound), vitamin E and vitamin K. The existence of other vitamins was 
postulated during this period but gmeral knowledge did not proceed fur- 
ther than the reo^nition of the existence of fmther vitamins and the 
determination of more or le» specific deficiency symptoms. 

The third period in the history of vitamin research proceeds along «>me- 
what different lines of thought While in the second period the vitamin 
was isolated by tedious concentration procedures using the experimental 
animal as the tool for the determination of the progress made, a different 
course was followed in the next period. This originated as a development 
of the study of the nutritional elements necessary for microorganisms, es- 
pecially yeast and certain bacteria. J. von Liebig already had observed 
in the last century that yeast cannot grow properly unless the culture 
medium contains, besides the known and accepted nutritional elements, 
some growth-stimulating material which was found to be present in meat 
extracts. This unknown substance was later called "bios” and proved to 
be a mixture of substances. The first compound isolated from bios con- 
centrates was inositol (1928) which Woolley identified in 1940 as a vitamin, 
^ehjem found that the bios factor, nicotinic acid, cured blacktongue, a 
deficiency disease of dogs. This was soon followed by the isolation of nico- 
tinic acid from crude concentrates of the anti-blacktongue factor. Almost 
immediately the effectiveness of nicotinic acid in the cure of human 
pellagra was discovered. Several other vitamins were discovered in the 
same way. The yeast growth factor, pantothenic acid, proved to be the 
chicken antidermatitis vitamin; biotin was found to be identical with the 
postulated vitamin H and p-amino-benzoic acid, the growth factor for 
Clostridium acetobutylicum, was shown to exert vitamin activity for roan 
and animals. This development is not necessarily terminated as yet, since 
further unknown growth factors for microorganisms apparently exist which 
may prove to be identical with vitamins for the animal organism. 

As in the case of other natural sciences the first step in vitamin research 
is to recognize the various members. The next step is to study the physio- 
logical action, and the final step is to elucidate the mechanism of the action. 
It seems that the main task of the recognition of vitamins has been essen- 
tiaDy accomplished. No doubt the list of vitamins is not complete as 
yet and con^erabfy more work needs to be done before all the vitamins will 
be recognized. Nevertheless it appears that tiliose vitamins which cause 
Ithe most obvious deficknty diseases are known. While Lunin in 1881 and 
*I|ppkins in 1906 failed to keep animals alive on a diet composed of the then 
known nutritional etements, the atuation is quite different today. It has 
been pogable in a number of different laboratori^ to nuse expoimental 
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animals, rats for example, on a completely synthetic diet, which includes 
all the known vitamins, and to keep the animals alive over a period of 
several generations. Simultaneously essential work is in progress for 
clarifying the physiological behavior of the vitamins in the organism. 
Once the reactions which are carried out by the vitamins in the organism 
are known, attempts can be made to clarify the mechanism of this action. 
The gross physiological effect of each vitamin is evident from the symptoms 
caused by the deficiency of the vitamin. But these clt^cal s3rmptom5 may 
be of secondary nature and the elucidation of the primary reaction is quite 
difficult and requires new and special technics (see und^ Physiology of the 
vitamins, page 26). This work has shown that the vitamins are essential 
participants in the metabolism of energy-bearing food, of minerals and 
of water. The proof is in some cases a direct one, in other cases indirect 
and needs confirmation. The mechanism of the vitamin action has been 
traced definitely for three vitamins of the B-compIex, namely for vita- 
mins Bi, B 2 and nicotinic acid, which were found to take part in enzyme 
systems which are concerned with the processes of carboxylation and de- 
carboxylation and, by transportation of hydrogen, with the oxidation- 
reduction mechanism. 


3. Nomenclature 

Hopkins'* (190(>-1912) called the nutritional elements which are required 
by the animal organism in addition to the carbohydrates, fats, proteins, 
salts and water, “accessory factors.” In systematizing the knowledge of 
these accessory factors, Funk^ in 1912 proposed the generic term “vitamine * 
because these compounds are essential to life (the Latin term “vita” 
meaning life) and because he believed the anti-beriberi compound to be an 
amine. Funk* differentiated an anti-beriberi vitamine, an anti-scurvy 
vitamine, an anti-rickets vitamine, etc., according to the diseases which 
occurred during the respective nutritional deficiencies. No statement 
could be made at that time as to whether these diseases are caused by a de- 
ficiency of just one compound or of a multitude of compounds. Osborne 
and Mendel," and McCollum and Davis, in 1916 distinguished two types 
of accessory factors by difference of their solubility and called them “Fat- 
Soluble A” and “Water-Soluble B.” “Pat-soluble A“ was shown to cure a 


• F. G. Hopkins, Analyst, il, 386 (1906); J. Physiol., 49, 425 (1912). 
’ C. Funk, J. .SlaU Med., 20, 341 (1912). 

• C. Punk. Die VUamine, Wiesbaden, 1914. 

» T. B. Osborne and L. B. Mendel, J. Biol. Cfcm., 20, 370 
»• E. V. McColluni and M. Davis, Ibid., 23, 181 (1915). 
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nutritional eye disease (the symptoms of which are xerophthalmia and 
keratomalacia) and to be necessary for growth of experimental animals. 
A deficiency of “water-soluble B“ produced beriberi in pigeons. This 
terminology did not include a term for the anti-scurvy substance. Drum- 
mond” ill 1920 proposed to combine the previously suggested terms and to 
drop the terminal “e“ of vitamine to the generic term “vitamin” and called 
the fat-soluble growth and eye factor “vitamin A,” the water-soluble anti- 
beriberi compound “vitamin B” and the anti-scurvy factor “vitamin C.” 
This suggestion has generally been adopted by all workers in the field and 
the more recently discovered vitamins have been added to the list by using 
the letters of the alphabet consecutively. Thus, McCollum called the 
antirachitic compound “vitamin D.” The anti-sterility compound was 
called “vitamin E,” etc. The vitamins G, H and I were added lat^ivto the 
list of vitamins. The blood coagulation vitamin was called vitamin K 
because the term “Koagulation” is spelled with “K” in the German lan- 
guage. The postulated /actation vitamin is called “vitamin L“ and the 
compound which prevents excessive f?ermeability of cells is “vitamin P.“ 

Considerable discussion arose from time to time as to whether or not the 
generic term “vitamin” should be maintained or changed to a term which 
would not indicate any relation to chemical or physiological properties of 
the compounds. The term “accessory factors” of foods was discarded be- 
cause it was felt that this term is too modest since the compounds in ques- 
tion arc essential food factors and not merely accessory food constituents. 
Other terms which have been suggested are “Advitant” and “Exogenous 
Hormones.” Neither of these terms has, however, been generally accepted. 

The further development of the vitamin terminology has unfortunately 
resulted in an illogical nomenclature which can only be understood from 
its historical development. What was originally called vitamin B proved 
to be a mixture of compounds which are referred to today as the “vitamin 
B complex” in accordance with the original nomenclature. This complex 
consists of an unknown number of different vitamins which have been desig- 
nated arbitrarily as vitamin Bi, Ba, etc. The anti-beriberi vitamin which 
was first discovered is called vitamin Bi. So far eight different vitamins 
have been given vitamin B subnumbers. One of the difficulties which arose 
during the course of the vitamin research was that a deficient diet gave dif- 
ferent symptoms in various animals although it was found later that some 
ot these symptoms were caused by the absence of the same vitamin. 
I'hus vitamin Bj has also been called vitamin G. Originally vitamins Ba 


‘ J. C. Drunimoml, Hicclmm. J., 14, (MIL’S). 
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and B4 were believed to be necessary only for the rat while vitamins Bt 
and B» were believed to produce growth only in the pigeon. 

By the time that the vitamins were isolated as chemical compounds, 
they were given names which identified them according to the class of 
chemical compounds to which they belong. Thus, vitamin Bi is called 
“thiamin,” vitamin B2 “riboflavin,” vitamin Bt “p5rridoxin," etc. While 
the research on the isolation of the vitamins B|, Bt and Bt was progress- 
ing only slowly, other vitamins were discovered through experimental 
work with different organisms. Thus, nicotinic acid, pant<^thenic acid and 
biotin which were known to be growth stimulants for yeast were also found 
to be vitamins for the animal organism. It has subsequently been dis- 
covered that pantothenic acid is probably identical with vitamin Bt and 
nicotinic acid with vitamin Bt- Biotin, glycine and arginine, on the other 
hand, appear to be present in what was originally called vitamin Bt. 

While the original vitamin B has been shown to consist of a number of 
chemically and physiologically different compounds which were differen- 
tiated by subnumbers, the fat-soluble vitamins A, D, £ and K each have 
been found to occur naturally not as single compounds but as mixtures of 
compounds each of which exerts the same physiological action but differs 
from the others slightly in its chemical constitution. Thus, there exist 
two or three different vitamins A, at least six vitamins D, three vitamins E 
and two vitamins K. They are called vitamins A, D, E and K and are 
differentiated by subnumbers. Thus, for example, vitamin Ai exerts es- 
sentially the same physiological effect as vitamin Aj. On the other hand, in 
the water-soluble class of vitamins each subnumber indicates a physiologi- 
cally different vitamin with an entirely different mechanism of action as 
has been stated before. 

The vitamins have been classified as “biocatalysts” together with the 
hormones and enzymes. Instead of the term “biocatalysts” the term “er- 
gins” has been proposed by Ammon and Dirscherl.** On the other hand, 
Euler** advocated Ae term “ergons” for the vitamins, hormones and those 
coenzymes which contain as part of their structure vitamin or hormone 
molecules. Such coenzymes have also been called “vitazymes” and “hor- 
mozymes.” 

4. List of the Vitamins 

Two classes of vitamins are differentiated today, namely, those which 
have been identified and those which have not bmi definitely identified. 

*« R. AnuDon and W. Ditaehcrl, fmmentt Hotmotu Vitamin*, Upslg, IMS. 

“ H. V. Koler. ArM* Krmi Uintral. G*ol„ All, No. 18 (1834); Bll, No. 43 (1984); >18, No. U 
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By identification is meant the recognition of a vitamin as a diemical com* 
pound the physical properties of which have been established. 


The Identified Vitamins 


ViUmin 

Name 

The Group of Vitamins A 

1 


Vitamin A 

Vitamin Ag 

Vitamin Ag ? 

Axerophthol 

Vitamin Bi 

Thiamin 


Vitamin Bg 

Riboflavin 


Vitamin Bg 

Pyridoxin 

Vitamin B^ 
Complex 

Nicotinic Acid (Vitamin Bg ?) 

Pantothenic Acid (Vitamin Bg ?) 

Inositol 

p-Amino-Benzoic Acid 

1 

1 

j 

Vitamin C 

The Group of Vitamins D 

Ascorbic acid 

Vitamin Dg 

Vitamin Dg 

Viosterol, calciferol 

Vitamin Dg 

Vitamin Dg 

Vitamin Dg 



The Group of Vitamins E 
a-Tocopherol 
d-Tocopherol 
y-Tocopherol 

Tocopherols 

Vitamin H 

The Group of Vitamins K. 

Vitamin Ki 

Vitamin Kg 

Biotin 


Vitamin P 

Citrin 



The NoN'Identified Vitamins 


Vitamin Bt (Pantothenic Acid ?) 
Vitamin Bi (Biotin, Arginine, Glycine ?) 
Vitamin Bi (Nicotinic Acid ?) 

Vitamin Bi — Vitamin I 
Vitamin Bg (Adenylic Acid) 

Vitamin Bo 

Vitamin Bp ( Anti-Perosis Vitamin) 
Vitamin J 


Group of Vitamins L (Lactation Vitamin) 
Vitamin In 
Vitamin Li 
Vitamin M 
Factor T 
Factor U 
F(dic Acid 
Glass Juice Factor 







18 


VITAMINS IN GENERAL 


have been isolated have been synthesized with the exception of biotin (for 
which no structural formula has been suggested as yet due to the fact that 
sufficient amounts of the pure vitamin have not been available for chemical 
studies). A total synthesis is regarded as the final proof for the formula 
which has been postulated on the basis of degradation reactions. The 
methods used for the synthesis of the various vitamins are presented in 
special chapters. No total synthesis of any one of the vitamii^s D has been 
accomplished as yet, but some of the provitamins D have been obtained 
synthetically by hemi-synthesis from various sterols. \ 

9. Industrial Methods of Preparation 

An important feature in the development of vitamin research has been 
the availability of the vitamins to the clinician and practitioner for studies 
on experimental animals, for use in human therapy and finally for incorpora- 
tion into foodstuffs for man and animals. The first industrial methods 
which were used in the production of vitamin preparations for the public 
were extractions from natural sources. Originally crude concentrates 
were offered to the trade, but recently the methods of isolation have been 
refined to such a degree that it is possible to offer commercially practically 
all the vitamins in essentially pure state. Besides the isolation of the 
natural compound, synthetic methods of preparing the vitamins have been 
studied and developed to such an extent that it is now more economical to 
produce most vitamins on a commercial scale by synthesis than by extrac- 
tion from natural sources. 

The methods used in industry for the manufacture of vitamin prepara- 
tions are known in general but the details are usually kept secret. Under 
the heading of industrial methods of preparing vitamins the procedures 
used commercially are briefly reviewed for each vitamin. The result of in- 
dustrial research and development work is reflected in patents which have 
been taken out to protect the manufacturers and the public, both of whom 
are interested in obtaining the best possible products and preventing 
unskilled and dishonest manufacturers from exploiting the market. A 
list of the issued patents from the main industrialized countries, United 
States of America, Great Britain, Germany and France, will be found at 
the end of this monograph arranged according to subject. In isolated 
cases, patents issued in Switzerland, Holland, Belgium, Canada, Japan 
and Russia have also been incorporated. 

» A. G. CponoHly. Scienc€, t6, 383 (1037). 
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10. Biogenesis 

The methods used in the plant organism for synthesizing vitamins, which 
are complex compotmds, are very interesting from a ph]rsiological stand- 
point. While up to the present time these methods are not known for all 
the vitamins and only a few theoretical approaches have been made, it is 
worth noting that the building principles for the synthesis of vitamins are 
the same as those used by the plant organism for the synthesis of many 
structm-al units. Thus, we find there is a vitamin represented among 
practically all types of compounds S 3 mthesized in plants. Further research 
will elucidate the reaction mechanism used by the plant organism for the 
synthesis of the structtval building units and hence for vitamins in par- 
ticular. Ultimately, the ph)rsiologist wishes to determine why vitamins are 
synthesized, why they are produced only in such minute quantities and 
how the mechanism for synthesizing these particular compounds differs 
from that for other, chemically very closely related substances which have 
no vitamin action. 


11. Specificity 

One of the most fascinating studies in biochemical research is the deter- 
mination of the specificity of the vitamins. Generally speaking, two 
types of specificity must be differentiated; namely, compound specificity 
and species specificity. By compound specificity is meant the qualitative 
and quantitative differences in phytiological behavior of various compounds 
on the same animal organism. Species specificity is defined as the differ- 
ence in physiological response of one or more compounds on different 
species of animals. The various forms of vitamin D may serve as an illus- 
tration for both the compound and species specificity. Vitamin D» 
(activated ergosterol) and vitamin Da (activated T-dehydro-cholesterol) 
have qualitatively and quantitatively the same antirachitic activity when 
tested on rats. Vitamin Da (activated 22-dihydro-ergosterol) has quali- 
tatively the same antirachitic efficacy but quantitatively the effect is only 
half as great as that of the vitamins Dt and D* on the molecular wdght 
basis. This effect demonstrates compound specificity. When the same 
three vitamins D are tested on diidcs under standardized conditions on the 
basis of Rat Units and compared with cod liver oil, it is observed that vita- 
min Dt is as active as the vitamin D in cod liver oil and this activity is 
arbitrarily designated as 100% . activity. On the other hand, when vita- 
min Dt is tested under the same conditions an activity of only a few per 
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ccMit is obtailu d. Vitamin D* exerts an activity of about 20% under the 
same conditions. This effect demonstrates species specificity. 

One of the objects of studying the specificity of vitamins is to determine 
whether or not the vitamin activity is due to the structure of the entire 
molecule or to a special group. This type of research has proved to be of 
extreme importance in the study of many pharmaceutical compounds. A 
well-known example in the field of chemotherapeutical compounds is the 
research which followed the discovery that “prontosil” counteracts strep- 
tococci.'® Investigations revealed that the bactericidal action is due 
solely to the sulfanilamide portion of the molecule.” Research of this 
type in the vitamin field brought to light that the activity exerted by cho- 
line is due to the available methyl groups of the compound and resulted in 
the recognition of the available methyl group as a vitamin (or vitagen) 
factor. Specificity studies on the group of vitamins K showed thS^t 
while the naturally occurring vitamins Ki and Ke are 2-methyH,4-naphtho- 
quinone derivatives with long side chains, the vitamin activity is due only 
to the 2-methyl- 1,4-naphthoquinone portion of the molecule. 

Specificity studies in other fields have revealed that it is possible to alter 
the properties of the active compound so as to make them more suitable 
for therapeutic use. One of the best known examples in the hormone 
field is the use of methyl-testosterone'® which does not occur naturally but 
which is effective when given by mouth"' whereas the naturally occurring 
testosterone is active only by injection. Alterations of chemical or physi- 
cal properties without alteration of physiological action in the vitamin 
field are of importance, for example, in order to make fat-soluble vitamins 
water-soluble or water-soluble vitamins fat-soluble. The most important 
practical problem of this type concerns vitamin K. K-avitaminosis occurs 
in patients with obstructive jaundice due to the fact that the bile does not 
reach the intestinal tract and thus prevents the vitamin from being ab- 
sorbed. On the other hand, water-solubilized forms of vitamin K do not 
require the presence of bile for absorption from the intestinal tract and are 
thus active as such when taken orally. 

From the vast amount of work which has been done to elucidate the com- 
pound specificity of the vitamins, it can be concluded that the physiological 
action of vitamins is very specifically a function of the entire molecule. 
In the class of water-soluble vitamins it is observed that lower or higher 

O. Domagk, Deui. Med. Wochnschr., tl, 250 (193oj. 

J. Tref<tuel, J. Tr^fouel, F. Nitti and D. Bovet, Ccmpf. rend. soc. biut., 120, 75« <1935). 
w I.. Ruatioka. M W. Goldberg and H. R. Rosenberg, Helv. Chim. Acta, 18, 1487 (1935). 
w K. Miesi-her and M Tschopp, Schweit. Med. Wachschr., 68, 1258 (1938); L. G. Foss, Hrii. Med. J.. 
1939, Jiily 1, No, 4U9.'>, 1 L 
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homologs have either much lower activity than the vitamin proper or have 
no vitamin activity whatsoever. This is not the case in the class of fat- 
soluble vitamins. Actually, they occur naturally as a mixture of various 
homologs. Geometrical isomers of the vitamins are usually considerably 
less active than the vitamin itself. Thus, activated epi-7-dehydro-choles- 
terol is only about one-tenth as active as activated 7-dehydro-cholesterol. 
Another example of the high specificity of the vitamins is the specific ef- 
fect of d-ribose in the vitamin B* molecule. This sugar compound cannot 
be replaced by any other sugar without essential loss of activity. 

Under the heading “Specificity*' the results obtained from the experi- 
mental studies and the conclusions reached will be presented separately for 
each vitamin. 


12. Determination 

One of the most fruitful developments in the biological field has been J:he 
study of methods for measuring the potency of vitamin preparations. 
There are principally a number of different procedures for the determina- 
tion of vitamins. These comprise physical, chemical, biochemical and 
biological methods. Generally speaking, any method has to be investi- 
gated thoroughly in order to determine the specificity afforded by the test, 
the; types of compounds which inhibit an evaluation of the procedure and 
finally the sensitivity of the procedure. 

Among the physical methods for the determination of vitamins, spectro- 
scopic studies are outstanding, 'rhese include determinatirnis f)f the ab- 
sorption spectrum in the ultraviolet or visible light region. 1'‘he fluores 
cence spectrum is used successfully in specific cases. These tests arc 
based on the presence of a specific chemical group in the vitamin molecule. 
Therefore, this procedure cannot be specific for any vitamin since the same 
physical phenomenon is given by any other chemical compound with the 
same characteristic group. Nevertheless, the physical methods are 
quite accurate when appropriately used and are, in general, more rapid 
than other methods. 

The basis for all determinations of absorption spectra is Beer’s law: 

I = 

In this formula U stands for the intensity of the incident beam, I for the 
intensity of the transmitted beam, c for the concentration (expressed in 
mols per liter), d for the depth of the solution (in cm.), and « for the ex- 
tinction coefficient. There is, however, no uniformity in the use of the 
units. 
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As long as a compound has not been isolated in the pure form, merely 
transmissions of solutions of known concentration are plotted and ex- 
pressed as log Jo// = i’C-d. The adoption of a solution of 1 cm. depth 
standardized to contain 1% of the substance and expressed as extinction 
E\^ = log Jo/J is a frequently used refinement in the study of absorption 
characteristics. The absorption constant K has also frequently been used 
and is defined in the formula: 


I - 

(e is the basis of the natural logarithm). When the molecular wei^it of a 
compound is known, the extinction of the absorption per mol is measured 
and expressed according to Beer’s law either as 


€ 



or 



The chemical methods for the determination of vitamins are based upon 
certain chemical reactions which the vitamin molecule undergoes with 
specific reagents. Usually those t)q)es of reactions are used for the deter- 
mination of vitamins which develop a color which can be measured quan- 
titatively. Such methods have been worked out for practically every 
vitamin and can be carried out relatively quickly. However, they have 
the disadvantage that the reactions are not specific for the vitamin since 
the same or similar color reactions are also given by a series of chemically 
similar and different compounds. 

Biochemical methods for the determination of vitamins are defined as 
procedures in which the vitamin is determined by the part it takes in cer- 
tain biochemical reactions. An illustration is the action of vitamin Bi in a 
specific enzyme system which decarboxylates pyruvic acid. These pro- 
cedures are very specific for the particular vitamin which is determined 
but require special skill in handling enz 3 rme systems and are usually quite 
tedious. They are used in special cases with considerable advantage over 
any of the other procedures. 

All ph3rsical, chemical and to a certain extent also the biochemical meth- 
ods for the determination of vitamins are valid only if their results can be 
related to actual biological values. Thus, the biological methods, which 
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have generally been used as the primary tool in the discovery of the vita- 
mins, must still be resorted to today as the final criteria for qualitative and 
quantitative vitamin assays, and for standardization and determination of 
the accuracy of other methods. Biological methods are very time-con- 
suming and costly. The primary requirement is to feed a group of com- 
parable animals, which are used for the determination of vitamins, a special 
diet which is deficient only in the vitamin to be tested and is otherwise 
well balanced in regard to the other vitamins and the energy- and building 
unit-bearing and protective food constituents. Multiple deficiencies, 
that is, the concurrence of avitaminoses caused by lack of more than one 
vitamin should generally be avoided in biological vitamin assays. The 
actual determination can be carried out either on a curative or on a pro- 
phylactic basis. The curative methods are usually preferred since it is 
possible to use for the actual test only those animals which have been in- 
flicted successfully with the deficiency disease. It is often necessar3r^to 
carry out simultaneously with the vitamin determination check experiments 
with animals which have not obtained the vitamin supplement. The high- 
est possible degree of accuracy is achieved by comparing in parallel ex- 
periments the activity of the unknown material with the activity of a stand- 
ard preparation. The results of biological assays are evaluated statis- 
tically. Mathematicians and biologists have given much thought as to 
the method of canying out this statistical evaluation most efficiently in 
order to achieve a high degree of accuracy with a minimum of experimental 
animals. 

A special type of biological method for the determination of vitamins is 
the so-called microbiological method in which microorganisms are used as 
test objects. Thus, practically all members of the vitamin B complex 
can be determined by the growth effect which they exert on microorganisms, 
such as yeast and different strains of bacteria. The amounts of vitamin 
required for such microbiological assays are considerably smaller than are 
needed in experiments with higher animals. The microbiological tests are 
relatively inexpensive and can be carried out in a relatively short period of 
time. Especially sensitive are such microbiological methods which are 
based not on the growth of the organism but on the action of the organism 
in special culture media. Thus, t^ose bacteria are especially useful which 
produce acids, for example, lactic acid. The actual determination of the 
vitamin effect involves in such cases a titration of the amount of acid 
formed. This type of biological vitamin assay has proved to be of high 
accuracy in the determination of pantothenic acid, nicotinic acid and 
biotin. 
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The Special methods which have been used and recommended for the 
determination of each vitamin are presented and discussed separately un- 
der each vitamin. 

13. Standards 

Standards of vitamins are necessary for the determination of these 
protective food constituents and for proper dosage. Vitamins originally 
were defined in terms of biological units. However, as soon as a vitamin is 
obtained in crystallized form and is easily accessible in that form, the stand- 
ard is expressed on the weight basis of the crystallized material. 

The term “biological unit” is a generic term for specific animal units 
such as Rat Unit, Chick Unit, Mouse Unit, etc. The biological t^iits of 
non-identified vitamins are of relatively uncertain definition. They Vepre- 
sent the reciprocal of a dose which had a certain effect on a certain aniipal at 
a certain time. Thus, a biological unit refers to the action of an animal 
while a standard based on the weight unit refers to the amount of the vita- 
min. 

During the last two decades national and international standards have 
been set up for many vitamins, especially for the non-identified vitamins. 
By the time a vitamin is available as a stable crystallized compound, a new 
standard is set up which defines the unit in terms of actual weight of the 
vitamin. Usually that amount of crystallized vitamin is defined as one 
unit which corresponds on a comparative basis to the effect of the original 
biological unit. 

The standards as adopted or as recommended for adoption are presented 
for each vitamin separately in the corresponding chapters. 

PHYSIOLOGY 

The physiology of vitamins comprises a study of the vitamin action in 
plants and animals. Since by definition specific organic compounds which 
are indispensable to the animal organism are called vitamins, and since the 
definition contains no statement concerning plants, it is obvious that the 
physiological action of the vitamin compounds in the animal organism is 
considered to be of primary importance. Nevertheless, the physiological 
action of these compounds in plants, where most vitamins are S3mthesized, 
must be incorporated in a complete study of the vitamins. Animal physi- 
ology is subdivided with respect to the action of the vitamins in the organism 
into (a) the metabolism of the vitamins, {b) the physiological action of the 
vitamins, (<:) the mechanism of the vitamin action and (d) the relation of 
the vitamins to each other, to hormones and minerals. 
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The sections on the physiology of the vitamins are presented in a some- 
what different manner from that of the sections on the chemistry of the 
vitamins due to the different character of the subject. The knowledge of 
both the chemistry and the physiology is based on experimental work. 
There is no, or practically no, misunderstanding possible in the conclusions 
drawn from intelligently planned chemical experiments. This is due to the 
fact that chemical experiments deal generally with systems, the constituents 
and the reactions of which are known and contain as the only unknown, the 
vitamin. The situation is entirely different in experiments designed to 
elucidate the physiology of the vitamins or the mechanism of the vitamin 
action. Here the vitamin acts in a very complicated and largely unknown 
system, namely, the living organism. As a result all experimental data 
obtained from studies on the living organism must be qualified as to the 
exact conditions used in the experiments. The multiplicity of possible 
interpretations of these results then causes difficulties. The same physio- 
logical experiment carried out under only slightly different conditions may 
give entirely different results. The interpretations of these results are 
then bound to differ markedly. By the time the knowledge of the chemis- 
try and the physiology of the vitamins and the living organism expands it 
is evident that conclusions drawn from earlier experiments must often be 
modified due to the fact that all statements regarding physiological reac- 
tions are based on certain assumptions and hypotheses regarding the 
equivalency of principal physiological reactions under various reaction con- 
ditions. 

The result of all these factors is that a tremendous amount of work is 
necessary to establish the true physiological action of the vitamins. In a 
few cases this has already been acomplished. In most cases a final under- 
standing has not been reached. A review of these latter cases is extremely 
difficult since from the mass of data and interpretations available only a 
limited amount can be presented in this monograph. The discussion of the 
experimental data is usually followed by interpretations which are mostly 
subjective in nature. Efforts have been made to present the material in 
the form of a well-rounded picture, but it appears possible that just this 
attempt has led to the presentation of conclusions which ultimately may 
prove to be erroneous. A few examples of somewhat questionable views 
may be cited. The existence of a combined form of ascorbic acid, “ascor- 
bigen,” is accepted as proved in at least a few instances although many 
references could be cited to disprove the theory of the existence of ascorbi- 
gen. The view is taken that vitamin D2 is less efficacious for human beings 
than is vitamin Dg, although statements disproving this thesis can be found 



26 


VITAMINS m GBNBRAL 


in the literature. In most cases in which a distinct difference of opinion 
exists between various groups of workers, both sides are cited. 

14. Physiology of Plants and Microorganisms 

Most vitamins are synthesized in plants. There is apparently a special 
mechanism for the S 3 m thesis of each of the vitamin compounds. Very 
little is known about the physiological behavior of these compounds in 
plants, but it has been shown in a few .isolated cases that the vit^iins are 
essential growth-promoting substances for the plant organism. It is 
assumed that the vitamins act in the plant organism principally in ti^e same 
manner in which they act in the animal organism. 

The information available concerning the physiological action of the 
vitamins in microorganisms is very meager. The most interesting dis- 
covery in this field is the observation that while some microorganisms are 
able to provide their own needs like the plants, there are others which rely 
upon an outside supply of the vitamins. Curiously enough, there are 
quite a number of microorganisms which do not have the power of syn- 
thesizing the vitamins completely, but which are able to synthesize part 
the vitamin molecule and are able to build up the entire molecule when the 
missing component is supplied. 


15. Animal Physiology 

(fl) Metabolism of the Vilamins 

Vitamins are by definition compounds which cannot be synthesized in 
the organism of man or animals. With one single exception (vitamin D) 
the vitamins are always supplied to the human and animal organism by oral 
administration as normal food constituents. In the properly functioning 
organism they are readily absorbed in the intestinal tract. The water- 
soluble vitamins are absorbed as such at least when they are supplied in the 
free form. In comlnned form they have to be hydrolyzed to the free vita- 
min before absorption can take place. The fat-soluble vitamins, on the 
other band, require the presence of bile for proper absorption. Following 
the absorption the vitamins me carried through the organism by means of 
the blood stream and are carried to the tissues and organs which need 
^ The animal organism does not have special storage mgans for the depo- 
sition of vitamins. A certain level of vitamins is usually tnaintaitiArf in 
tissues and body fluids and some special oigans contain inermused amounts. 
The reason for the presence of these increased amounts is not obvious, 
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but is believed to be a necessity for the proper functioning of that particu- 
lar organ. This conclusion has been reached in recognition of the fact 
that during times of low vitamin intake these organs are not depleted of 
their vitamin content, although the actual amount is usually somewhat 
reduced. Simultaneously, S3rmptoms of vitamin deficiencies occur long 
before the amount present in these special organs is exhausted. Thus, the 
amount of vitamins present in such special organs cannot be considered as 
a storage of the vitamin for distribution over the entire organism. 

The physiological reason for mmntaining a certain ‘‘normal” vitamin 
concentration in the organism is apparently a certain safety factor for times 
of low vitamin intake. To a limited extent the body appears to contain a 
self-regulatory mechanism for the utilization of the vitamins. This is ap- 
parent from the fact that, while the healthy organism on a normal diet ex- 
cretes certain amounts of the vitamins, they are not excreted, or are ex- 
creted only to a limited extent at times of low vitamin intake even when 
abundant quantities are present in the organism. 

Administration of excessive amounts of the vitamins usually causes their 
excretion within a relatively short time. The water-soluble vitamins are 
excreted mainly through the iu*ine. The fat-soluble vitamins are excreted 
through the feces. A certain amount is destroyed in the organism. It 
appears that once a vitamin molecule is destroyed it is completely burned 
since it has not been possible so far to find any degradation pn>ducts in the 
excretions. 

In accordance with the life-maintaining function of the vitamins it is 
obvious that these protective compounds are secreted in the nutritional 
materials necessary for proper growth and development of the offspring. 
Thus, small but definite amounts of all vitamins are found in milk and eggs. 

{b) Physiological Action of the Vitamins 

The principal physiological action of vitamins has become a part of the 
vitamin definition. They ‘‘do not fumi^ energy and are not utilized 
as building units for the structure of the organism, but are essential for the 
transformation of energy and for the regulation of the metabolism of 
structural units.” 

Vitamins are necessary for the animal organism as a whole, not for the 
individual cells, although the reactions of the vitamins are carried out pre- 
dominantly in cells. Cells deprived of vitamins can survive and multi|dy 
while the entire organism cannot.^ 

«S. B. WollMeh, ScUnu, S6, 500 (1937). 
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The primary physiological action of most vitamins is scarcely known. 
The observations made in experimental studies are in many cases secondary 
symptoms or secondary reactions, and it is very difficult to decide in many 
cases whether the observed actions of the vitamins are of primary or of 
secondary nature. Whatever they may be, it seems that, at least on the 
basis of the present-day information, a certain difference exists between the 
physiological action of the water-soluble and fat-soluble vitamins. The 
fat-soluble vitamins and also water-soluble vitamin C apparently maintain 
the “regulation of the metabolism of structural units.’* From the experi- 
mental data available it may be concluded that vitamin A is concenifed with 
the building of the cell nucleus and vitamin E with the maturation i|nd dif- 
ferentiation of cells. Vitamin C enables the cells to produce supporting 
tissues and to maintain intercellular substances. Vitamin D plays an 
essential role in the process of bone calcification, which process is a deposi- 
tion of calcium phosphate in bone matrix. Vitamin K maintains the 
level of certain structural (or at least potentially structural) building units 
of blood which initiate the process of blood coagulation under proper con- 
ditions. In contradistinction from the action of these vitamins, the water- 
soluble vitamins of the “B complex’* are concerned mainly “with the mecha- 
nism of the transformation of energy.** Thus, the vitamins Bi, B2 and 
nicotinic acid have been shown to take part in certain reactions which regu- 
late the carbohydrate metabolism. Vitamin Be is apparently involved in 
the amino-acid metabolism. 

The observations and conclusions reached from experimental data con- 
cerning the physiological action of the vitamins in the animal organism 
are presented separately for each vitamin in the corresponding chapters. 

(c) Mechanism of the Vitamin Action 

Ultimately, the mechanism of tHe action of each vitamin will be under- 
stood. So far the reaction mechanism of only a few vitamins is known. 
The primary requisite for studies of the mechanism of the vitamin action 
is a proper understanding of the vitamin action as such. As has been 
pointed out in the previous paragraph, the physiological action of the 
vitamins is, as a whole, not properly understood. As a result the mecha- 
nism is unknown. In the few cases in which the primary physiological 
action of a vitamin has been elucidated, efforts have been made to determine 
the mechanism of the vitapiin action. Thus, in the cases of the vitamins Bi, 
B2 and nicotinic acid of the vitamin B complex the relation of the vitamin 
to the carbohydrate metabolism has been the subject of many experimen- 
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tal studies and theoretical considerations. These have culminated in the 
recognition of the fact that these three vitamins are part of enzyme sys- 
tems which can be essentially separated from the animal organism and can 
thus be subjected to experimental studies under defined conditions in con- 
tradistinction to the reactions in the organism where the conditions are 
not defined, at least not from an experimental point of view. As a result 
of this the mechanism of the action of these three vitamins is at least partly 
understood. 

The mechanism of the action of the other vitamins is not known but 
various theories have been presented which attempt to explain the experi- 
mentally observed phenomena. 

(d) Relation of the Vitamins to Each Other, to Hormones and Minerals 

An integral part of the physiological action of the vitamins is their in- 
fluence on the secretion of hormones and on the metabolism of inorganic 
compounds. However, no physiological relation exists between any one 
vitamin and another. 

Shortly after the recognition of the existence of vitamins, a theory of 
synergism and antagonism of the vitamins was postulated. According to 
this theory the elimination of one vitamin from the food causes a change of 
the action of the remaining vitamins. Certain experimental facts have 
been cited to prove this conception but a logical consideration of the vita- 
min concept disproves the existence of this theory. If it were true that 
the elimination of f)nc vitamin changes the action of the remaining vita- 
mins, it would be impossible to observe specific vitamin deficiencies. It 
must be remembered that the vitamin intake of the average human being 
changes considerably from day to day. It is quite certain that the amount 
of vitamins administered every day changes markedly. Thus, on one day 
a considerable amount of one vitamin may be consumed while the diet of 
the next day may not contain any of this vitamin. If the theory of syner- 
gism and antagonism of vitamins were correct, each vitamin would thus 
exert a different type of reaction practically every day. The knowledge 
of the vitamin action and of the mechanism of the vitamin activity of 
certain members of the vitamin B complex makes it appear improbable if 
not impossible that one vitamin could replace another in these reactions. 

Nevertheless, the theory of antagonism and synergism of vitamins has 
been generally accepted although the experiments on which such a theory 
is based are not conclusive and have not been carried out under con- 
vincingly well-chosen conditions. Recent carefully controlled investiga- 
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tions** have indicated that the vitamins A, Bi, B complex and D do not 
act according to the postulated theory, at least as long as administered in 
amounts which correspond to the optimal requirement of these vitamins. 
It has thus been shown experimentally that a definite relation of one vita- 
min to another does not exist. 

It has been found that certain vitamins, especially vitamin C, but also 
vitamin A and vitamin B, are able to exert in addition to their vitamin ac- 
tion also other therapeutic effects. Thus, vitamin C has been found to 
counteract intoxications caused by many organic and inorganic confipounds, 
toxins, etc. This action is not specific for vitamin C but is a function of a 
particular group in the molecule. Other compounds with similar Chemical 
groups are able to exert the same or similar effects. This detoxifjdng ac- 
tion of vitamin C has also been observed in certain experimental animals 
when excess toxic doses of fish liver oils have been administered} The 
beneficial effect of vitamin C has in this case been interpreted as indicating 
an antagonism of vitamin C to the vitamins present in fish liver oils. Ac- 
tually, however, vitamin C acts as a detoxifying agent for the harmful com- 
ponents of the liver oil regardless of whether or not they are vitamins. 

Although the author of this monograph is of the definite opinion that 
the theory of synergism and antagonism of vitamins is incorrect and that 
such actions do not exist, theories concerning these phenomena and experi- 
mental data obtaitied in studies of these effects are presented in the corre- 
sponding section of each vitamin. This presentation may assist in the 
ultimate recognition of the non-existence of functional relations of one 
vitamin to another. 

In contradistinction to the relations of vitamins to each other there is 
the possibility that vitamins may influence the secretion or action of hor- 
mones. Since the vitamins maintain animal life, they may as part of their 
action influence secretions within the organism. Thus, a relation of vita- 
mins to hormones is not illogical although not necessary a priori. Thus, it 
can be generally observed that in animals which have been deprived of 
vitamins for a long period of time, not only the entire organism suffers 
but that specifically the glands lose vitality and as a result of this the ef- 
fective secretion is reduced. Tliis has been especially obvious, for example, 
in the case of the germinal glands. In addition to this general effect of 
vitamins on the secretion of hormones, there has also been postulated a 
theory of s)mergism and antagonism of vitamins to hormones. In a few 
isolated cases indications for such relations have been observed. Thus, 

” P. B. Sirnda, Ber. ges. Physiol, exptl. Pharmaknl.t 83, 312 (1936). A. Scheunert. Noturwissfnsckof'- 
tea. as, 297 (1940). 
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there is what has been inteipreted as a synergism between vitamin C and 
the hormones of the adrenal medtdla and cortex. An antagonism between 
vitamin C and the thyroid hormone has also been postulated. It is ex- 
tremely difficult to prove or disprove experimentally the existence of rela- 
tions of this type between vitamins and hormones. For a long time such 
a relation had been assumed to exist between the hormone of the thyroid 
gland and vitamin D, but more thorough studies have indicated that 
such a relation actually does not exist. 

It has already been stated under “Physiological Action of the Vitamins” 
(page 27) that they are concenied with “the regulation of the metabolism 
of the structural units.” Thus, a relation of the vitamins to those inor- 
ganics which act as structural building units is obvious. In addition a rela- 
tion of the vitamins to the functional inorganic building units of the or- 
ganism exists. Such a relation is, however, indirect in the sense that cer- 
tain inorganics act “vitamin-like” in addition to the vitamins and in co- 
operation with them. An antagonism or synergism is not known. As an 
example of such a cooperative action may be cited the essential action of 
manganese in enzyme systems which contain vitamin Bi and the action of 
copper in ascorbic oxidase. 


PATHOLOGY 

The study of the pathological effects caused by vitamins comprises a 
study of the effects caused by an administration of insufficient amounts of 
the vitamins and of excess doses. The symptoms caused by the former 
conditions are called avitaminoses and hypovitaminoses, whereas the s)anp- 
toms caused by the latter conditions are called hypervitaminoses. 

16 . Avitaminosis and H3rpovitaminosis 

During times of vitamin deficiencies, two types of clinical symptoms can 
be observed, namely, specific deficiency syndromes and general non-specific 
effects. The latter comprise what is generally known as “ill health” and 
constitute minor aches and a feeling of discomfort. In experimental 
animals a premature aging also is observed. Such conditions are usually 
not specific for a particular vitamin but may be caused by a deficiency of 
practically any vitamin. The specific deficiency sjmdromes are classified 
according to the severity of the cases into hypovitaminosis and avitamino- 
sis. The state of hypovitaminosis is characterized by a partial vitamin de- 
ficiency, that is, a state at which a vitasnin is administered in suboptimal 
amounts, tinder these circumstances the general health of the organism 



32 


VITAMINS IN GENERAL 


decreases and specific deficiency syndromes set in. These are usually not 
very severe and can be cured easily by the administration of the proper 
vitamin. A total deficiency of a vitamin causes the appearance of specific 
clinical symptoms in a much more severe state and is called avitaminosis. 
These diseases can usually be cured at an early stage. Organisms which 
have suffered from avitaminoses for a prolonged period of time cannot al- 
ways be repaired completely. The clinical symptom which remains after 
treatment with vitamins is called paravitaminosis.-- 

The special symptoms of hypovitaminosis and avitaminosis it human 
beings and in experimental animals are described separately for esbh vita- 
min in the correvSponding chapters. 

(a) Clinical Test Methods 

While it is usually easy to diagnose an avitaminosis, the recognition of a 
hypovitaminosis is often difficult due to the fact that the symptoms are 
not very specific. Methods of determining the state of h)rpovitaminosis 
are, therefore, of considerable importance. Hand in hand with this prob- 
lem goes the problem of determining the average or individual requirement 
for a specific vitamin in order to insure the success of a prescribed vitamin 
therapy. Tests have therefore been developed and are being perfected in 
which the concentrations of vitamins in the organism can be determined 
quantitatively. In general, such tests deal with the determination of the 
vitamin in blood where a certain level usually is maintained and in the 
urine or feces provided the vitamin is regularly excreted. Special satura- 
tion tests are being developed for many vitamins in which either the 
amount of vitamin necessary or the time consumed is measured until a 
certain minimum concentration of the vitamin occurs in blood or in the 
excretions. In addition to these general methods a number of specific tests 
have been developed for special vitamins which are based on particular 
functions of such vitamins, such as, for example, the dark adaptation test 
for the determination of the presence of vitamin A and the capillary re- 
sistance test for the determination of the presence of vitamin C (or vita- 
min P). 


17. H]rpervitaxninosis 

Hypervitaminosis is according to the definition of the term the clinical 
synd ro me w hich occurs when toxif amounts of a vitamin are administered. 

« G. Mouriquand, Bull. acad. mid., 119 (3), 102, 678 (1938). 
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A study of the hypervitaminoses constitutes, therefore, a study of the 
pharmacological effects of the vitamins. All vitamins in the pure state are 
essentially non-toxic even at doses which are many times as great as those 
of the daily food intake. The vitamins also exert no, or practically no, 
specific pharmacological effects other than the specific vitamin action. 

In experimental studies designed to determine the toxic level of vitamins, 
it has been found that amounts which are as high as a thousand or million 
times that of the daily requirement may cause the occurrence of specific 
syndromes of hypervitaminosis. Specificity studies of the vitamins are 
especially interesting from the toxicological standpoint since it has been 
observed that compounds which differ chemically from the vitamins only 
slightly may be considerably more toxic than the vitamin itself. The 
pharmacological study of chemical compounds usually comprises also a de- 
termination of the lethal dose. The lethal dose of most vitamins is un- 
known due to the fact that the vitamins are essentially non-toxic. 

18 . Requirements 

The requirements of vitamins by man and various species of animals are 
most important from a practical point of view. The determination of the 
actual amount needed proved to be a very difficult task due to the fact that 
the vitamin requirements vary with environment and other factors. Ef- 
forts are being made to correlate the necessary amount to either body weight 
or food intake according to the function of the vitamin. 

Research is being directed to and national and international organiza- 
tions are concerned with the problem of setting up standards for the re- 
quirements of the vitamins. The latest and most outstanding efforts of 
this type have precipitated the '‘Recommended Dietary Allowances** as 
formulated by the Food and Nutrition Board of the National Research 
Council. The information published by this organization is reprinted on 
page 613 of this monograph. These allowances fix desirable levels and 
are considered to be relatively liberal. They constitute norms fixed by a 
body of distinguished American students of nutrition available to the rest 
of the world for discussion and study. They furnish a guide for consid- 
eration and help to focus the aims of further experiment in the light of 
which further revision of the standards is to be anticipated.'^'-** 

The amount of vitamins which is recommended is expressed as the 
optimum quantity under average conditions. There was a tendency at 
the beginning of vitamin research to recommend as a daily dose the mini- 

*>• R. A. Williams. J. Frankiin Inst.. 237, 21 {1044). 
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mum amount of vitamin which is necessary to prevent the occurrence of 
clinical symptoms of a deficiency disease. It was observed in the follow- 
ing years that the minimum amount as defined previously was not always 
the optimum amount which should not only prevent the occurrence of 
specific clinical symptoms of an avitaminosis but should also provide for 
certain safety factors. Generally speaking, the vitamin requirements vary 
with age, environment and individual utilization of nutrients. Babies, 
generally, need increased amounts, that is, the vitamin requirements of 
babies cannot be correlated to body weight or food intake on the same 
basis as expressed for adults. When children grow older they still need 
increased amounts of vitamins but somewhat less than adults. Tliere are 
some indications that aged people need increased amounts of vimmins, 
which seems to be due to the fact that the organism of older people utilizes 
food less well than adults. The influence of environment upon the vitamin 
requirements is especially evident for those vitamins, the average require- 
ment for which is correlated to food intake. Thus, it has been found that 
approximately twice as much of vitamins Bi, Be and pantothenic acid are 
required by rats at 91 ® F. than at 65® F.** 

The health and general well-being of a nation is dependent to a consider- 
able extent upon the proper vitamin consumption of its people. Extensive 
investigations have shown that the normal food of the average man in most 
countries is deficient in many vitamins. It has, therefore, been necessary 
to take definite steps for providing an adequate vitamin .supply to every- 
one. This can be achieved by supplying with the neces.sary vitamins such 
foods as are generally used. Thus the Food and Nutrition Board of the 
National Research Council considers it good practice to fortify margarine 
with vitamin A and milk with vitamin D. It is also recommended and 
in some countries ordered to reconstitute white flour to the original con- 
tent of the vitamin B complex as found, for example, in whole wheat 
grain. In the United States of America “enriched** flour must contain 
per pound 2.0--2.5 mg. of vitamin Bi, 1.2-1 .5 mg. of vitamin B 2 and 16-'20 
mg. of nicotinic acid, and may contain 250-1000 U.S. Pharmacopoeia 
Units of vitamin D.-^ 

•» C. A. Mills, Proe. Am, Physiol. Soc., IMl, P 202. 

•• Federal Register, The National Archives of the United SUOes, July .'t, 1043. 
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1. Chronology 

1.831 Wackenroder isolated carotene from carrots. 

1904 Xerophthalmia was observed as an epidemic disease in Japan. 

1906 The empirical formula of carotene was established by WillstAtter. 

Hopkins and Stepp (1909) discovered the indispensability of certain fat -soluble 
substances for the growth of mice and rats. 

1913-1915 McCollum and Davis, and Osborne and Mendel ascertained in differenti- 
ation from other compounds, the presence of a growth factor, "'fat-soluble A/* in 
cod liver oil and in butter. 

1919 Stebnbock discovered the vitamin A activity of carotenoids. (His results could 
not be verified until 1929 when H. v. Euler showed that vitamin D must be 
added to the diet of animals.) 

1920 Steenbock recognized that vitamin A is found in the unsaponifiable parts of 
fish oils. 

1928-1930 Zechmeistbr, Karrer and Kuhn established the constitution of carotene. 

1930 Moore disclosed the conversion of provitamins A to vitamin A in the animal 
organism and storage of vitamin A in the liver after large doses of carotene. 

1931 Karrer obtained a very highly concentrated vitamin A preparation and deter- 
mined the structure of the vitamin. 

1933 Karrer synthesized perhydro- vitamin A. 

1937 Kuhn and Morris announced a synthesis of vitamin A. Holmes and Corbet 
obtained vitamin A for the first time in crystalline form. In this year, the exist- 
ence of a second form of this vitamin, called vitamin A^, was recognized by 
Lkderer and Edisbury and their respective co-workers. 


2. The Group of Vitamins A 

The physiological effect of vitamin A is brought about in man and in 
animals by a number of different, naturally occurring and s}mthetic com- 
pounds. Whereas all these substances appear to react phj^iologically 
alike, they differ from each other chemically. The compounds found in 
plants, with vitamin A activity for animals, belong to the class of caro- 
tenoids with 40 carbon atoms. They are apparently not used as such by 
the organism (at least not as vitamin A), but are converted into other sub- 
stances to produce vitamin A activity. These new compounds are stored 
to a certain extent in the animal organism in special storage organs but 
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have never been found in plants. Chemically, they are degradation prod- 
ucts of the carotenoids. The most familiar of these is the one known as 
“vitamin A” which possesses the empirical formula CioHnO. All degrada- 
tion products of carotenoids which occur in the animal body and react 
physiologically alike are called "vitamins A.” The carotenes, the pre- 
cursors of the vitamin A, are called “provitamins A.” It should be pointed 
out that the term provitamin is applied properly only to the specific organ- 
ism for which the physiological activity has been ascertained. R^ts are 
usually used for provitamin A studies and it is assumed, but not proved, 
that compounds of provitamin activity for rats also exhibit provitamin A 
activity for man. Nine different naturally occurring provitamins W and 
two vitamins A are known. However, there are many reasons for believ- 
ing that more provitamins and, especially, more vitamins A occur in nature. 

The true physiological action and the mechanism of the vitamin A 
activity are essentially unknown. A few approaches have been made, 
however, toward solving this problem. Furthermore, a number of different 
diseases of man and animals are known, which are caused by a vitamin A 
deficiency and which can be cured by the administration of the vitamin. 

PROVITAMINS A 
3. Occuirence 

The provitamins A occm in plants together with chlorophyll. They are 
generally absent from the animal organism, since they are not stored as 
such but are converted into vitamins A. A few exceptions to this general 
rule must, however, be noted. Traces of provitamins A have been found 
in fat deposits of animals. A special type of this class of compounds plays 
an important role in the visual purple of the eye and will be discussed 
later (see page 89). Milk and butter contain small amounts of carotenes. 
Egg yolk, however, contains only traces. Almost pure fi-caxotene (and 
some cf-carotene) has been found also in the corpus luteum^ and the corpus 
rubrum of cows,^ in the human placenta,* the testes of bulls* and the 
adrenal gland of practically all mammals.* Carotenoids, the provitamin 

' R Kuhn and E. Lederer, Z. physiol. Chern.. 200, 240 <19S1). P. Kamr and W. Sehlienu, W«/». 
Chim. Acta, 17, 8 (1U34). 

> K. Kuhn and H. Brockmann. Z. physiiA. Cham., 200, 04 (1982). 

• R. Natter. Bail soc. chim. biol., 14, 1S55 (1932). 

« A. A, H. van den Ber*h. P. MuUer and J. Broekmeyar, Bioeham. Z., lOB, 279 (1920). C. L. Coa- 
aoc,J. Bial.Cham.,TI,m(i»aS,); A»i.J'.Patk.,4,393(1988). H. v. Euler and B. \^n, BfodbM. Z., 
34S, 262 (1932). H. v. Euler, U. Card and H. HeUatrOm, Stmtsk Kam, T«.. 44, 191 (1932). U. Zech- 
meiater and P. Tuaaon, Z. physiol. Cham., 281, 289 (193.6). O. Baitly and R. Natter, Compi. rani., 
1*8,901 (1931). 
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A character of which has not definitely been established, occur also in the 
yellow bone marrow. The sex glands of sea urchins contain a provita- 
min A, echinenone, which has so far not been found in plant material. 

The most important sources of vitamin A for man and animals are the 
provitamins present in all green or yellow parts of vegetables. Carrots, 
apricots,® lettuce, cabbage and spinach are especially rich in carotenes. 
Tomatoes and bananas contain a lesser amount. Yellow com contains a 
considerable quantity of a fecial provitamin A, cryptoxanthene,® pre- 
dominantly in the form of its ester. The presence of carotenes in certain 
vegetable oils, especially red palm oil,’ is technically important. The 
provitamins myxoxanthin and aphanin occur in algae, especially blue- 
green algae. 

The total amount of carotenes in vegetables is rather small. Fresh car- 
rots contain approximately 0.01% carotenes and the best source of palm 
oil 0.15-0.20%.® 

The provitamins A occur in nature only to a limited extent in the free 
form. They are mainly bound in symplex form to proteins as has been 
demonstrated for carotene both in plant (carrots®) and in animal (serum’®) 
materials. 


4. Properties 

'rhere are nine different naturally occurring compounds known as 
provitamins A, namely a-, jS- and y-carotene, cryptoxanthene, echinenone, 
myxoxanthin, leprotene, aphanin and aphanicin. It is quite possible that 
other provitamins A occur in nature which have not been discovered as yet. 
All these substances crystallize in deep red prisms of high melting points 
(above 160®). They exhibit typical absorption spectra (listed below), the 
positions of the maxima of which differ with the solvent used. The theory 
has been advanced that this shift is due to a change of the equilibrium of 
cis-trans-isomers. ’ ’ 

» H. Brockmann. Z. physiol. Ckem.. 21^, 45 (1933). 

* R. Kubn and C. Grundmann, Ber., 67, 593 (1934). 

^ R. Kuhn and H. Brockmann. Z, physiol. Chem., 200, 255 (1931). 

• O. Unffoade. Chtm, Ztg., 63, 9 (1939). 

’ R. Willstatter and H. H. Eachar. Z. physiol. Chem., 64, 47 (1910). R. Kuhn and H. j. BieHv, 
Ber., 73, 1080 (1940). 

^ U. S. Palmer. J. Biol. Chem., 23, 261 (1915). Curotinoids and Related Pigments, New York. 1922 
p. 208. 

“ I.. Smith. B. K. Stem and H. E. Young, Nature, 141, 55! (1938). 
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o-Carotene («, /3-Carotene) : 



M. p. 187“. [«]««« = -h323“. 511, 478, 

452 mu (CSs). 485, 447.5 m/x (Benzene). 
R. Kuhn and co-workers, Ber., <S4, 1349 
(1931); Z. physiol. Ckem., 200, 255 (1931). 
P. Karrer and co-workers, Ildv. Ckim. 
Acta, IS, 1158 (1932); 16, 641 (1933); 
Nature, 132,- 171 (1933). 


/3-Carotene (j8,j8-Carotene) : 



M. p. 1S4“. .520, 484, 4,52 m/i* (CS»). 
485, 452, 424 m/i (Benzene). P. Karrer 
and co-workers, Ildv. Chim. Acta, 12, 1142 
(1929); 13, 1084 (1930); 14, 1083 (193^). 


7 -Carotene (d-Lyco-/3-earotene) : M. p. 178“. .5.33, 496, 463 m/t (CS*). 



495, 462, 431 m/i (Benzene). R, Kuhn 
and H. Brockmann, Ber., 66, 407 (1933); 
A. Winterstein, Z. physiol. Chem., 210, 249 
(1933). 


Cryptozanthene (3-Hydroxy-j3,/3-carotene): M. p.' 169“. 520, 484, 



4.52 ra/i (CSj). 485, 452, 424 ra/i 
(Benzene). R. Kuhn and C. Grund- 
mann, Ber., 66, 1746 (1933); 67, 593 
(1934); P. Karrer and W. Schlientz, 
Ildv. Chim. Acta, 17, 55 (1934); R. 
Yamamoto and S. Tin, Sci. Papers Inst. 
Phys. Chem. Research Tokyo, 20, 411 


(1933); L. Zechmeister and I,. Choluoky. Ann., 500, 269 (19.34). 
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Echinenone: Structure questionable! M. p. 192-193®. 520, 488, 450 

tiifi (CSs). £. Lederer, Compt. rend., 
201, 300 (1936),- E. Lederer and T. 
Moore, Nature, 137, 996 (1936). 



Myxoxantbin: M. p, 108-109°. 488 m/x (CSg). 478 mft (CHCh). 

470 mft (CtHfOH). 465 iiiju (Light ptifru- 
leum). I. M. Heilbron and B. Lyth^oe, 
J. Chem. Soc., 1936, 1376. 



Leprotene: Structure and provitamin A action questionable! M. p. 

189-200°. 517, 479, 447 m/i (CS,). 484, 
452, 425 mM (Benzene). C. Grundman and 
Y. Takeda, Naturwissenschaften, 25, 27 
(1937); Y. Takeda and T. Ohta, Z. 
physiol. Chem., 258, 6 (1939); 262, 168 
(1939); 265, 233 (1940); 267, 171 (1941). 

Aphanin. Structure questionable! M. p. 180®. 533.5, 494 mjtt (CSi). 

504, 474 mu (CHCl,). 505, 472 mp 
(Benzene). 494, 460 mp (Petroleum). 
507.5, 477 mM (Pyridine). 491.5, 457 
mp (Methanol). J. Tisher, Z. physud. 
Chem., 251, 109 (1938); A. Scheunert 
and K. H. Wagner, lUd., 260, 272 (1939). 

Aphanicin: Structure questionable! M. p. 195°. 533, 494 mp (CSs). 
504, 474 mp (CHC1»). 505, 474 m^ (Benzene). 494, 462 m^t (Petro- 






ISOLATION 

leum). 507.5, 478 niM (Pyridine). 491.5, 457 m/i (Methanol). A. 
Scheunert and K. H. Wagner, Z. physiol. Ckem., 260, 272 (1939). 

The aliphatic part of the molecule is written in the manner of Ruzicka in the form of 
*'open rings.” This formula is not intended to indicate the true spatial arrangement of 
the aliphatic chain, but to stress the relationship to similar compounds and to impress 
the memory. Textbooks commonly use the 'iong chain” formula; 


HiC CHt 

/ \ H H H R H 
HiC C-C=C-C=C-C=C - 

^CHi 
Hs 


H H R H H H H 
C— 0=0-0 

Ht 

/3-Carotene 


RsC CHi 

H.C/ Y 


Provitamins A are extremely sensitive to oxidation, autoxidation and 
light. They are quite stable to heat in inert atmosphere. 

a-Carotene is the only provitamin A with an asymmetric carbon atom 
and is, therefore, optically active. 

The solubilities of the provitamins A are very similar. They dissolve 
readily in chloroform, carbon disulfide and benzene, but more difficultly 
in petroleum ether. They are practically insoluble in alcohol. Cryptoxan- 
thene, due to the presence of a hydroxyl group in the molecule, is somewhat 
soluble in alcohols. All provitamins A are soluble in fats. 


5. Isolation 

Crude preparations of mixtures of provitamins A are obtained by first 
separating the provitamins from the protein material to whidi they are 
usually bound in symplex form. This is achieved by rapid heating,'* 
for -example, to 40-60® C. or by reaction with “invert-soaps” such as lauryl- 
dimethyl-benzyl-ammonium-bromide.** In the case of isolating provita- 
mins A from vegetable oils an initial saponification with alcoholic potas- 
sium hydroxide is carried out. In either case an extraction with organic 
solvents such as petroleum ether follows. From the petroleum ether resi- 
due the crude mixture of carotenoids i^ either crystallized as sudi or a 
saponification may now be carried out in case this procedure was not em- 
ployed in the bej^ning. 


<• a. WOMSttw .fid H. H. KwIkt. Z. phytM. M, -(7 (191»). 

» R. Kuhn ud H. J. Bielig, Bv., 71, 1080 (1040). 
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As stated, mixtures of carotenoids are obtained according to these pro- 
cedures. The single compounds are obtained by methods which will be 
described separately for each provitamin. 

<x-Carotene seldom occurs as the only carotenoid in crude provitamin A 
preparations. It is usually accompanied by its isomer, jS-carotene, and 
sometimes by 7-carotene. Other carotenoids may be present. The total 
amount of a-carotene in crude carotene preparations varies between 0% 
and 40%. The highest concentration of a-carotene is found in red palm 
oil. Almost pure a-carotene has been found in leaves of tea irom For- 
mosa.*^ The progress in separation of the a-isomer from the (^her caro- 
tenoids can be followed by measuring the optical activity of th^ prepara- 
tions. a-Carotene can be isolated, for example, by fractional prei^ipitation 
with iodine in the form of a di-iodo- a-carotene'® followed by regeneration 
of a-carotene by means of sodium thiosulfate.'® Fractional adsorption on 
aluminum oxide'’ or on fuller’s earth'® is a much better method. a-Caro- 
tene can be isolated quantitatively by chromatographic adsorption on cal- 
cium hydroxide or on magnesium oxide'® from a solution of a crude prepara- 
tion in petroleum ether. From a mixture of the a- and /S-isomers an almost 
quantitative separation can be achieved by a single adsorption. A red 
layer of /^-carotene and a lower, more yellow layer of a-carotene,’® are ob- 
tained. 

jS-Carotene is the easiest of all provitamins A to obtain in pure form. 
It is the only provitamin A in many plants. Its purity can easily be 
checked, since /S-carotene is optically inactive, whereas the a-isomer has 
strong, positive optical rotation. Small amounts of the 7-isomer can be 
separated by adsorption on calcium carbonate or calcium hydroxide. The 
separation of all provitamins A, and especially of /8-carotene, from xantho- 
phyll, a yellow chloroplast pigment of green leaves, can easily and quantita- 
tively be achieved by distribution between petroleum ether and 90% 
methanol.’' Carotene remains almost entirely in the petroleum ether 
phase, while the xanthophyll passes into the methanol layer. Xanthophyll 
is 3,3'-dihydroxy-a-caroteiie. 


R. Yamamoto and T. Muraoka, Sci. Papers JnsL Phys. Chem. Research (Tokyo), 19, 127 (1932). 

R. Kuhn and B. Lederer. Ber., 64, 1349 (1931). 

>« R. Kuhn and E. Lederer. ibid., 65, 637 (1932). 

R. Kuhn and £. Lederer. Z, physiol. Chem., 200, 246 (1931). 
u R. Kuhn and H. firockmann, Ibid., 200, 2h!i (1931). 

»• H. H. Strain. J. Biol. Chem.. 105, 525 (1934), 111, 85 (1935). 

» P. Karrer and O. Walker. Helv. Chim. Acta, 16, 641 (1933). 

*' R. Willst&tter and A. Stoll. U ntersuehungen aber Chlorophyll. Mtihaden und Erg^nisse, Berlin, 
1913, pp. 133. 237. 
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V-Carotene occurs only in very small quantities and is found together 
with /3-carotene. Most technical carotene preparations contain about 
0.001 % of the 7-isomer. Occasionally, however, 7-carotene occurs in larger 
quantities. The carotenoids of Gonocaryum pyriforme fruit peels consist of 
00-60% 7-carotene,*® It can be separated from other carotenoids by 
chromatographic adsorption on aluminum oxide. 

Cr]rptoxanthene seems to occur frequently together with /3-carotene 
and other carotenoids, especially in red blossoms and fruits. Especially 
high in cryptoxanthene are the calyx of Physalis alkekengi and Physalis 
franchetti (about Va of the total pigment) and the pigments of yellow com 
and of paprika. In all these cases, cryptoxanthene does not occur in the 
free form and must be saponified before isolation. Since cryptoxanthene 
has almost the same properties as /3-carotene, fractionation does not result 
in a separation. A number of different methods are available for separat-** 
ing /3-carotene from cryptoxanthene. Distribution between petroleum 
ether and 90% methanol does not bring about any separation; distribution 
between petroleum ether and 95% methanol, however, causes the crypto- 
xanthene to pass slowly into the alcohol layer. From a benzene solution 
of /3-carotene and cryptoxanthene only the latter is adsorbed on calcium 
carbonate. The best method for the preparation of pure cryptoxanthene 
is the chromatographic adsorption on aluminum Dxide. 

Leprotene has been isolated from bacilli, namely, from Mycobacterium 
pUei and from another bacillus of unknown species found in lepra dis- 
eases. It is strongly adsorbed on aluminum oxide and can therefore be 
separated from the less strongly adsorbed /3-carotene. 

Echinenoney found in the sex glands of sea urchins, occurs together 
with /3-carotene, from which it can be separated by the chromatogram 
method. 

M]rxoxantbi]i has been found in algae of the class Myxopkyceae, A 
convenient source is the fresh water species, OscUlatoria rubrescens. It 
has been separated from accompanying carotenoids, especially from 
/3-carotene, by chromatographic ac^rption on aluminum oxide, on which 
it is more strongly adsorbed than i3-carotene. 

Aphanin has been isolated from blue-green algae of the Aphanizomenon 
family by chromatographic adsorption on aluminum oxide whereby it 
can be separated from other carotenoids, for example, |3-carotene, whidi is 
less strongly adsorbed than aphanin. 

Aphankin occurs together with aphanin and can be separated from 

» A. Wtnt«mein. ^ physiol. Chtm., 219,249 (193.^). 



40 


PROVITAMINS A 


this and from /S-caroteue since it is more strongly adsorbed on aluminum 
oxide than either of the other aoo>mpan 3 ring carotenoids. 

6. Chemical Constitution 

The provitamins A belong chemically to a special class of polyenes, the 
carotenoids. They are characterized by a long aliphatic chain conlnining 
a continuous s}rstem of conjugated double bon^** which is re^n^ble for 
their deep red color. Many naturally occurring polyenes are knol)^ but 
only a few of them are provitamins. 

The chemical structure of all provitamins A is identical in their middle 
part, the symmetrical aliphatic chain of 18 carbon atoms with the continu- 
ous system of conjugated double bonds and four methyl groups constituting 
side chains. They differ from each other by the structure of the groups on 
both ends of the aliphatic chain. /3-Carotene has on both ends rings of 
the same structure as the ring of /3-ionone (A‘-l, 1,5-trimethyl-cyclo- 
hexene). /3-Carotene, therefore, is called j3, /3-carotene. a-Carotene (a,/3- 
carotene) has on one side a ring with the /3-ionone structure and on the other 
a ring with the A-ionone structure (double bond in 4,5-position). y-Chro- 
tene has on one side a ring of the /3-ionone structure and on the other end 
no ring, but the same number of carbon atoms as all other provitamins, 
only in the form of an aliphatic chain (pseudo-ionone structure), as in 
lycopene, the polyene from tomatoes. In analogy with the other caro- 
tenes, y-carotene may be called /8-lyco-/3-carotene. Cryptoxanthene is 
;}-hydroxy-/3,/3-carotene. The methyl groups, which form side chains on 
the molecule, are in 1,5-position to each other, corresponding to the natural 
principle of the structure of most teipenes, which seem to be built up from 
isoprene residues by dehydrogenation.^* Only in the middle of the chains, 
two methyl groups are in 1,6-position, thus dividing the molecule into two 
S3rmmetrical halves.’* 

Through catalytic reduction, Carotene takes up 11 mols of hydrogen, 
indicating the presence of 11 double linkages.** Ozonization of /3-carotene 
gives geronic add in the same yield as obtained by ozonization of two mole- 
cules (d /3-ionone. From o-cazotene an equal amount of geronic and iso- 
geronic add was obtained. y-Carotene yielded only geronic add, in an 

n R. Kuhn and A. Wiaterstain, Htlp. dim. Aelc, II, 428, 718 (1928). P. Kamr and H. Salmnon. 
/»(<,, II, .515 (1928). 

•• R. Wiliauttcr and W, Mieg, Ann., JS5. 1 (1907). R. Kuhn and A. Wntentcin. Help. CUm. 
Aeta, 11, 430 (1928). 

» P. Kamr and co-worhen. Help. Chim. Aeta, IS, 1087 (1930); 15, 1405 (1982). 

* t.. Zachmcister, 1.. Cholnoky and V. Vrabelg. Her., 61, S<W, 1684 (1928). 
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amount corresponding to the presence of one ring of the / 9 *stru€ture. 
Besides the geronic acid, ozonization of 7 -carotene yields one molecule 
of acetone, split off from the aliphatic end of the molecule. 7 -Carotene 
has 12 double bonds, one more than a- or i 9 -carotene. Degrsulation of 
^-carotene with potassium permanganate gives four mols of acetic add, 



/S-Carotene 



L /9-Ionone I 
(not isolated) J 


o^-Carotene 



(o^^CH, 

^OOH 
Isogerontc acid 


Y-Carotene 



CHa CHi 

\c/ 

11 

o 

Acetone 



Geronic acid 


CH. CHa 


CHa COOH 
(!:hi 

'^COOH 


tt.tt-DimethrJ* 
glutaric acid 


CH, CH, 

ioOH 


a5-DimethyL 
sticcintc acid 


CH, CH, 


HOO< 




OOH 


Dimethyl- 
malonic acid 
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with chromic acid six mols. This proves the presence of six methyl groups 
in the molecule. Four of these, the ones giving acetic acid with per- 
manganate, belong to the aliphatic chain, the other two came from methyl 
groups in the two rings at the ends. 

Permanganate oxidation of d-carotene yields a,a-dimethyl-glutaric 
acid, oj-dimethyl-succinic acid and dimethyl-malonic acid. 

The presence of a secondary hydroxyl group in cryptoxantiieiie has 
been established by the presence of one active hydrogen atom ,and the 
formation of crystallized esters, for example, the acetate, which shows the 
same absorption spectrum as ciyptoxanthene itself. The esters' cannot 
be adsorbed on calcium carbonate nor can they be extracted from a petro- 
leum ether solution by means of 95% methanol. The hydroxyl group, the 
exact position of which has not been determined, is assumed to occupy the 
carbon atom three in analogy to a number of other naturally occurring 
carotenoids, especially lycopene. 

Echineaone is a monoketone of the probable formula C«HmO(*H 2 ). 
Since it shows provitamin A activity, one part of the molecule is assumed 
to contain the /S-ionone structure. It is perhaps a dehydro-cryptoxanthene 
of the following structure : 



Myzoxanthin is a monoketone <»f the formula CmHmO and forms an 
oxime. By hydrogenation 12 mols of hydrogen are taken up and 1.3 mols 
are absorbed by hydrogenation of the oxime, indicating the presence of 
12 ethenoid linkages. Since myxoxanthin possesses growth -promoting 
properties, one part of the molecule probably has the /3-ionone configura- 
tion. ^ Myxoxanthin is, therefore, monocyclic and must be classified as 
a derivative of y-carotene. By reduction of the keto group to the alcohol 
group with aluminum isopropoxide, myxoxanthol is obtained which is 
spectroscopically identical with y-carotene. 

Leprotene probably has the constitution of a dehydro-/}-carotene. 
Since it contains two hydrogen atoms less than /J-carotene, but exhibits 
the same absorption spectrum characteristics, the following formula is most 
probable: 
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Aphanin is a inonoketone of the formula C 4 oHmO. The presence of 
the keto group has been established by the formation of a crystallized 
oxime. From the absorption spectrum of this oxime, which is the same 
as that of aphanin, it is concluded that the keto group is not in conjuga- 
tion with the system of double bonds. The negative result of an iso- 
propylidene determination excludes the possibility of an open chain struc- 
ture at one end of the molecule. Catalytic hydrogenation indicates 
the presence of 12 double bonds, one of which belongs to the keto group. 

Aphanictn is a dicarotenoid consisting of two molecules of aphanin 
linked together by an oxygen bridge. The analysis conforms with the 
empirical formula CgoHioeOa. The presence of a keto group was ascertained 
by the formation of an oxime, and the molecular weight is indicated by the 
physiological effect of aphanicin as provitamin A. 

7. S 3 rnthesis 

None of the provitamins A has been synthesized as yet. 

8. Industrial Methods of Preparation 

I'hc technical isolation of provitamins A from plant material is simple 
compared with the difficulties of manufacturing some of the other vitamins. 
Two different starting materials are chiefly used in industry: fresh plant 
material, such as carrots, nettle, lucerne, grass, etc., or vegetable oils, 
among which red palm oil is one of the richest sources of provitamins A. 

The main difficulty in extracting carotene from fresh plant material is 
the presence of large amounts of water, which hinders the extraction with 
organic solvents. Fresh plant material must therefore be dried, which 
process is always attended by some loss of provitamins. The best results 
are obtained by a rapid, short diying process, preferably at low temperature 
and under vacuum. Another method is the addition of water-binding 
agents to the freshly ground plant material. As water-binding agents, 
sodium sulfate, sodium carbonate, anhydrous calcium sulfate, etc., are 
recommended. Another method, which, however, proved to be too ex- 
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pensive, is the extraction of fresh plant material with alcohol, which takes 
iqj all the water, but leaves the carotenes undissolved. 

The extraction of carotene from the dried material is brought about by 
organic solvents, such as benzene, petroleum ether, acetone, etc. These 
solvents dissolve, besides the carotene, all fats present. In order to obtain 
carotene free from other materials, and especially free from fat, a saponifica- 
tion of the extract must be carried out. An alternative method is the 
saponification of the total plant material before extraction. In most cases 
this latter procedure is too expensive. Since carotenes are somewhat 
sensitive to alkali, e^dally at higher temperatures (rearrangement of 
double bonds), the use of large excesses of alkali is carefully avoidea. 

The juice of plant material, for example, of carrots, is also used as^tart- 
ing material for carotene manufacture. The juice contains large ambunts 
of protein materials, which adsorb the carotene when coagulated. The 
coagulation is carried out by the different known procedures, for example, 
by heating, by adds, by predpitation with lead acetate, magnesium chlo- 
ride, etc. The predpitates are in turn extracted with organic solvents to 
isolate the carotenes. 

It is not always of technical importance to prepare ciystalline carotenes. 
Fat concentrates or dried grass and similar products are often used for food 
supplements. 

The preparation of pure, single provitamins A is sddom carried out 
technically, although two different methods can be applied, namely, the 
predpitation of /9-carotene with iodine and the separation by chromato- 
graphic adsorption. 


9. Biogenesis 

Little actual knowledge exists about the biogenesis of provitamins A al- 
though this problem has attracted widespread attention. As far as is 
known, only plants and certain microorganisms have the power of syn- 
thesizing provitamins A. Their constitution leads to the supposition that 
the building units of the provitamins are the same as those of most ter- 
penes and polyterpenes. All these compounds appear to be built up from 
a simple, five carbon atom oontainmg substance of the general fmmula of 
isoprene. Thus, all provitamins can be regarded as resulting from a con- 
densation*^ together with a simultaneous dehydrogenation** of isoprene 
mdecules. Actually, however, ndther isoprene nor any other similar 

” a. WiUitUterKiut W. Mieg. Ann.. MS, I <19«7). 

■ a. Kuhn nnd A. Wiateratein, n<lt. CWiu. Acta, It, 427 <1028). 
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compound has ever been found in plants. This can be explained^ of course, 
on the basis that these compounds are anabolic intermediates which are not 
stored as such but are used immediately for the s}mthe$is of other com- 
pounds. Besides isoprene, other compounds have been suggested as poten- 
tial intermediates. Among these, /S-methyl-crotonaldehyde,*® levulinic 
add*® and methyl-vinyl-ketone are outstanding because of their obvious 
ability to condense with other molecules. 

Without any doubt carotenoids are built up by total synthesis in plant 
tissues. It is questionable, however, whether or not the provitamins A 
are synthesized according to the above outlined scheme. The possibility 
that they might be formed by dehydrogenation of compounds of similar 
structure has also been discussed. Thus, for example, phytol** or a related 
compound** may serve as a starting material. 

The synthesis of provitamins A appears to be catalyzed by light. Gen- 
erally speaking, the carotene content of plants grown in light is several * 
times higher than the content of plants raised in the dark. Tissues of 
plants grown in the absence of light contain compounds which are believed 
to be precursors of the provitamins A. The former, however, are essen* 
tially colorless (perhaps saturated compounds) and differ from the provita- 
mins in many other respects such as water solubility.** On the other hand, 
it appears remarkable that carrot roots, for example, contain a more abun- 
dant amount of provitamins A than the leaves. It might be assumed, of 
course, that these provitamins were synthesized in the leaves and trans- 
ported into the roots. This hypothesis is, however, in contradiction to the 
general belief that plants do not have a mechanism for the transportation 
of fat-soluble, that is, non-water-soluble materials. The additional hy- 
pothesis might then be considered that a water-soluble precursor is synthe- 
sized in the leaves, transported to the roots and there transformed (possibly 
by dehydration or dehydrogenation) into provitamins. On the other 
hand, the possibility cannot be excluded that these provitamins A are 
totally synthesized in the roots even in the absence of light. 

10. Determination 

The problem of determining quantitatively the mnount of provitamins A 
in natmal materials is quite difficult. In the analysis of plant material the 

^ H. V. Euler and K. Kluosmann. St 0 nsk Kfm. Ti4,, 44 , 198 (1932). 

H Kmde. Help, Ckim. Acta, 14, 881 (1931). 

1.. ZeehmoiAtcr and L. Cholnoky. Ann., 465, 288 (1928). 

» P. iCaVrer. H. Helfensietn. H. Wehrli and A. Wettstdn, Htlv. Chim. A^ia, 13, 1084 (1930). 

** R. Willutiltter and A Stoll. Ifniersuchnnuen die Assimitnlitm der KolUenxdMee, Borliii, 1918, 
p. 134. 
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problem is somewhat simplified by the absence of vitamin A, which prevails 
in animal tissues. The methods used for the analysis of provitamins A in 
ihe presence of vitamin A are described on page SO. 

The only exact method for the provitamin A assay is the biological 
method using pure jS-carotene as a standard reference. This method gives 
average values of the total carotenoid mixture expressed as /9-carotene 
equivalent (see page 82). 

Approximate provitamin A values can be obtained by either physical or 
chemical methods. They involve a separation of the provitamins - A from 
other carotenoids present, especially xanthophyll (lutein) and othW phy- 
toxanthins. Such a separation is based on the fact that a-, /9- knd 7 - 
carotenes are hydrocarbons and the phytoxanthins are oxygenatea caro- 
tene derivatives, that is, alcohols and ketones. They show different solu- 
bility characteristics and can therefore be separated to a certain extent. 
These separations do not bring about a separation of provitamins A which 
contain hydroxyl or keto groups from non-provitamin A carotenoids with 
such functional groups. Fortunately, the average provitamin A analysis in 
foodstuffs can disregard all provitamins A other than the carotenes proper, 
since they are found only infrequently. 

The actual assay procedure involves, first, the separation of the provita- 
min A from the protein to which it is bound in animal and plant materials. 
This is accomplished either by heating to 40-60® C. or by the addition of 
‘"invert-soaps” such as lauryl-dimethyl-benzyl-ammonium-bromide.®^ This 
is followed by an extraction from the natural source, either before or after 
a saponification. The alcohols, ethers, petroleum ether, hexane, acetone, 
pyridine and mixtures, such as petroleum ether and methanol or petroleum 
ether and acetone, have been recommended as solvents. The saponifica- 
tion is carried out with potassium hydroxide in alcohol, preferably at room 
temperature although the application of heat is recommended when entire 
tissues are to be saponified. Saponification with aqueous potash has also 
been advocated. The main object is to bring the pigments in the saponi- 
fied form into a solution of petroleum ether. This solution is then washed 
with dilute alkali and water to effect a separation from the chlorophyll. 
The actual separation of the carotenoids is then accomplished by shaking 
the petroleum ether solution with 92% methanol (by volume). The hydro- 
carbons remain in the petroleum ether layer while the oxygenated xantho- 
phylls go into the methanol phase. After repeated extractions, the pe- 

R. Kuhn and H. J. Bielig. Ber., 73, 1080 (1940). 

“ R. WillKt&tter and A. Stoll, U niersuchungen Hirer Chtnrophylt, Berlin. 1913. 
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troleum ether solution is used for direct determinations.^ Thus, the 
total amount of carotenes can be determined spectrophotometrically and 
is usually expressed in terms of /Sn^otene. Determinations are usually 
made of only one wave length using the 460 mfi band of /5-carotene, for 
which * 2500 (in petroleum ether). It has also been suggested 

that the provitamins A be determined colorimetrically by comparison 
with the color of standard dye solutions, for example, of azobenzene of 
known concentrations®^ or of a 0.1% solution of K 2 Cr 207 .®®‘ 

Another method is to develop a blue color according to the method of 
Carr and Price (see page 78) and to determine the color by spectrophoto- 
metric methods. 

Qualitative estimations for the presence of individual provitamins A can 
be made by using the chromatographic adsorption technique for the sepa- 
ration from other carotenoids. The methods used are the same as de-^ 
scribed for the preparation of the individual provitamins A. The principle 
of preferential adsorption has also been developed for the quantitative 
estimation of carotenes. Thus, a specially prepared magnesium carbonate 
has been developed to absorb xanthophyll but not carotene,^®* and to 
absorb lycopene but not carotene.^^* 

CONVERSION OF PROVITAMINS A INTO VITAMINS A 

Most substances ingested by human beings and by animals, which bring 
about vitamin A action, are not identical with the vitamins A found in 
animal organisms. They are provitamins A. In 1910 Steenbock*® found 
that A-avitaminosis in rats can be cured with fresh, green plant materials 
and that the healing action corresponded to the amount of carotene present. 
This result could not be repeated until it was demonstrated ten years later®^ 
that the avitaminotic animals needed also vitamin D to regain health. 
It was furthermore discovered that the vitamin A content of the liver of 

^ ^'Tentative method of the AMsociation of Official Agricultural Chemists for the determination of 
e.^rotene/’ J. Assoc. OJUlcial Agr. Chtm., 22, 79 (1930). 

” P. Kairer and K. Schdpp, Hdv, Chim. Aetn, 15, 745 (1932). R. Kuhn and H. Brodemann. Z. 
physuA, Chem., 206,41 (1032). 

» H. R. Guilbert. Ind. Eng. Chem., Anai. Ed., 6. 452 (1934). 

•• V. £. Munsey. J. Assoc, Official Agr. Chem., 22, 664 (1039), 

« G. S. Praps and A. R. Kemmerer. Ihid., 22, 100 (1939). 

G. S. Praps. A. R. Kemmerer and S, M. Greenberg, fbid., 23, 422 (104(1) 

** G. S. Praps, A. R. Kemmerer and «S. M. Greenberg, Ibid., 23,650 (1040). 

H. Steenbodc, Science, 50, .3.52 (1010); H. .Steenbock and P. W. Boutwell. J. HioL Chem.. 41, 81 
(1920). H. Steenbock, M. T. .Sell, K. M. Nelson and M. V. Buell, Ibid., 46, .3^ (1021), H. Steenhock 
and B. G. Gross. Ibid., 51, 63 (1022). 

** a. V. Bttler. H. v. Ruler and P. Karrer, ttelv. Chim. Acta, 12, 278 (1020). H. v. Ruler, V. IJemole. 
P. Karrer and O. Walker, ihid., 13, 1078 (1030). 
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rats decreased** nqndly and finally disappeared completely when the animals 
were kept on a vitamin A-hee diet. After the addition of carotene to the 
diet, the vitamin A content of the liver increased again raindly. 

At the same time, vitamin A was isolated from liver oils and its formula 
was established.** Vitamin A contains just half as many carbon atoms as 
carotene. Theoretically, two mols of vitamin A must split out two mols 
of water to become fi<arotene. 



The hypothesis was then advanced that /3-carotene is split in the organism 
udth the addition of two molecules of water to yield two molecules of vita- 
min A. This theory was strongly supported by the difference in the 
quantitative physiological efficacy of a- and /3-carotene. There exist, 
however, trustworthy observations*’' which indicate that even under opti- 
mum conditions an unsymmetrical fission of provitamin A occurs, which 
in the case of d-carotene yields a maximum of only one mot of vitamin A 
plus other decomposition products. This is in agreement with the observed 
potency of provitamin A in many cases (see page 75). 

The mechanism of the conversion of provitamins A to vitamins A is 
not known. It is assumed that the conversion is ^ected by an enz 3 rme, 
called carotenase. It is not known with certainty in which organ the con- 
version takes place, but much evidence exists that it is in the liver.** Fur- 
thermore, the pancreas appears to be involved since in humfin bangs with 

• T. Mook. Biothem. J., 24. W2 (19.VI). 

« P. Kum. R. Morf •od R. Sehdpp. Htlr. CUm. Aeta, 14, t03«, 1491 (l»3I). 

« S. W. P. UndcrUn Md K. H. Cowaid, Hioehtm. J., 31. 589 (I9S»). H. v. Kniar. P. Karrar and 
A. Zuhryu, Hdv, Chim. Ada. 17, 24 (1034). 

« H, S. Oleott and D. C. McCamm. J. HiM. Cham., 04p 183 0031). B. Ahmad, Biockam. J.. 25, 
1105 (1031). J, L. Rea and J. C. DrumimMid, Z. Vifamin/orsck.. 1, 177 (1032). 
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juvenile diabetes meUitus an inability to convert carotene into vitatmn A 
was demonstrated.^ 

Not all animals are able to convert provitamins A into vitamin A with 
the same efficiency. Rats are the most efficient;*^® chickens,®^ guinea pigs,®* 
rabbits,®* pigs®* and cattle®® are less efficient, and cats are apparently in- 
capable of this conversion. Foxes can utilize provitamin^ A only to a very 
limited extent.®® It seems that all carnivorous animals find enough vita- 
min A in their food and, therefore, do not need the ability to convert the 
provitamins A. The ability of man to utilize provitamins A efficiently has 
not been proved beyond any doubt. While there are good indications that 
man converts carotenes into vitamin A, there are also good indications that 
human beings may have difficulty in utilizing cryptoxanthene as a source 
of vitamin A.®® 

According to this species difference only those carotenoids are provita- ^ 
mins A which can be converted into vitamin A in a non-camivorous organ- 
ism, for example in the rat. There are indications that fish are able to 
produce vitamin A from carotenoids other than from the provitamins A as 
just defined. For a discussion of the synthesis of vitamin A in fish see page 
73. Furthermore, it has been shown that in fresh water fish the feeding 
of provitamins A gives rise to a considerable increase not only of vitamin A 
but also of vitamin A 2 .®^ Thus, at least a- and jS-carotene are also provita- 
mins As. 

The provitamins A are not converted quantitativdy into vitamin A 
under normal conditions. The organism usually obtains much more 
provitamins A than is necessary. The excess amounts are metabolized* 

It must be assumed®* that the conversion of provitamins A to vitamin A 
is regulated by a special mechanism which takes care of a rapid and quan- 
titative transformation when needed and which, on the other hand, per- 
mits only a certain amount of provitamin to be converted if excessive 
amounts of provitamin A are taken in by the organism. It is estimated 
that small amounts of provitamins are converted to about 70-80% into 
vitamin A. Large quantities are less well utilized.®* 

^ J. G. Broxer and A. C. Curtis, Arch, Internal Mtd.^ 65, 00 (1940). 

M B. Ahmad and K. Malik, Indian J, Med. Researeh, 20, 1033 (1033). 

N. S. Capper, 1. M. W. McKibbtn and J. H. Prentice, Biachem. 25, 265 (1031). 

U. Bfockmann and M. L. Tecklenbttrg, Z. physiol. Chem., 221, 117 (1933). 

M T. Moore, Biochem. J.. 25, 2131 (1031). 

T. Moore, Ibid., 26, 1 (1932). 

u A. 1. Coombea, G. L. Ott and W. Wisnicky, North Am. Vet., 21, 801 (1940). 

M A. G. van Veen and J. C. Lancing, Proc. Acad. Sci. Amsterdam, 40, 779 (193S). 

» K. A. Morton and R. H. Creed, Biochem. J., 33, SIS (1939). 

M See L, Zechmeieier, Ergeb. Physiol, biol. Chem. expU. Pharmahol., 39, 148 (1937). 

C. A. Baumann. B. M. Riietng and U. Steenbock. J. Biol. Chem., 107, 795 (1934). 
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The question of whether or not there is only one mechanism which con- 
trols the conversion or if there is a series of mechanisms which control the 
chemical conversion and the conversion rate, etc., cannot be answered. 
The latter seems more likely from a physiological point of view. Only a 
few isolated facts are known which, however, do not permit any definite 
conclusion. The rate of transformation of carotene is diminished during 
diabetes,®® during liver poisoning, brought about by phosphorus,®* and 
during certain diseases of the liver. In such cases provitamin A acjcumu- 
lates in the system, especially in the Kupffer cells in the liver. 

The conversion of provitamins A into vitamin A can be demon^ated 
experimentally by following the levels of carotenes and vitamin A in blood. 
Each person, for example, usually maintains a definite level of vitamin A in 
the blood, whereas the carotene level depends somewhat upon the intake of 
carotenes. Thus, during times of complete depletion of any form of vita- 
min A the vitamin A level in blood does not fall appreciably until the vita- 
min A stored in the organism is reasonably depleted and the available 
carotenes have been converted into vitamin A. The carotene level in the 
blood has been found to fall constantly until practically no more provita- 
mins A are present. Then the vitamin A content of the blood begins to 
decrease.®^ 

Ever since it became evident that provitamins A are converted in the 
liver into vitamin A, experiments liave been made to bring about this reac- 
tion in vitro}^ Recently such a conversion was apparently carried out suc- 
cessfully®* by the use of liver tissue. This conversion was indicated by a 
faster rate of growth of cultures of fibroblasts than is obtained in the ab- 
sence of liver tissue. 

Some thought has also been given to the possibility of a conversion, in the 
organism, of vitamin A to carotenoids of double the amount of carbon 
atoms — in other words, an inverted process to the formation of vitamin A 
from provitamins A. Whereas there is at present no definite proof for such 
a reaction mechanism there are a few observations which may indicate that 
under special conditions such condensations occur. The visual purple 

" K. P, Ralli, A, C. Pariente, H Brandaleono and S. Davidson, J. Am, Med, Assoc^t 106, 1976 
(1936). 

J. D. Greaves and C. L. A. Schmidt, Am. J. Physiol., Ill, 602 (1936). 

« C. D. May. K. D. Blackfan. J. F. McCreary and F. H. Allen. Am. J. Diseases Children, 59, 1167 
(1940). 

w H. S. Olcott and D. C. McCann. J. Biol. Chem., 94, 185 (1981). J. L. Ren and J. C. Drummond. 
Z. Vitaminforsch., I, 177 (1932). H. v. Kuler and K, Klussmann. Arhht, Kami, Mineral, Ceol„ Bll, 
6 (1932). B. Woolf and T. Moore. Lancet, 1932, 11, 13. 

•* K. WillataeiK. Ensymohitta, 3, 228 (1937). L. K. Baker. Proc. Soe. Hxptl. Biol. Med., 33, 124 
(1936). 
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(see page 89) appears to contain a carotenoid of more than 20 carbon 
atoms which is built up in the organism from vitamin A. There is also the 
remarkable fact that in rats the incisor teeth are white during vitamin A 
deficiency but contain a deep orange pigment in the enamel following the 
administration of vitamin A and during times of normal nutrition.®* 
Neither of these colored compounds has as yet been sufficiently analyzed 
to state their constitution. 


VITAMIN A 

11. Nomenclature and Survey 


Names: 

Axerophthol.*® 

Vitamin Aj. 

The epithelium-protecting and antixerophthalniic vitaniiii. 

Historical names: 

Fat-soluble A (McCollum and Davis®^). 

Biosterol (Takahashi, 1922). 

Vitamin Aj (v. Euler, 1924). 

Ophthalamin (Jones, 1928). 

Anti-infective vitamin (1929). 

Chemical name: 

e-(2,2,6-Trimethyl-A®-cyclohexcnyl)-/3,f-dimelhyl-A“' •- ’^-octatetraenc-a-carbinol. 


Structure: 



Empirical formula: 

C*oH,flO. 

Efficacy: 

4.500,000 International Units per gram. 

» J. T. Irvifig and M. B. Richard. Nature, 144, 908 (1939). 

** Name proposed by P. ICarrer. Rapports el discussion sur les vitamins el les hormones, tnsiiiut 
internatioHal de ehimie Solvay. stxieme'Conseil de rhimie. Paris, 1938. 

« K. V. McCollum and M. Davis, 7. Btoi. Ch$m.. 19, 34.1 (1914). 
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12* Occurrence 

Vitamin A occurs only in the animal organism; it has not been found 
in plants. 

The most important source of vitamin A is liver oils, because the or- 
ganism stores most of the excess vitamin A in the liver. The amount of 
vitamin A in the liver varies greatly, according to the type of food con- 
sumed, general living conditions, season, etc. Fish liver oils from cod, hali- ^ 
but, tuna, etc., contain vitamin A in fair amounts. Especially Hch in 
vitamin A are the liver oils from Hippoglossus hippoglossust Scof^esox 
saurus, Rhombus ntaximus and from the Japanese fish, StereoUpis i^nagi, 
which contain from 200 to 2000 times as much vitamin A as the common 
cod liver oil. 


TABLE I 

Distribution of Vitamin A in Various Fish Liver Oils 


Source of oil 

Zoological name 

' Potency 

1. U. per gram 

Haddock 

Gadus alglefinus 

66 

Cod 

Gadus morrkua 

600 . 

Striped bass 

Roccus lineatus 

4,600 

Jack smell 

Atherinopsis californiensis 

10,000 

Albacore 

Germo alalunga 


Grouper 

Epinephelus mario ^ 

25,000 

Boston mackerel 

Scomber scombrus 

' 30,000 

Barracuda 

Sphyraena argentea 

40.000 

Skipjack tuna 

i Katsuwonus pelamis 

i 40.000 

Yellowtail 

Seriola dorsalis 

50,000 

White sea-bass 

Cynoscion nobilis 

50,000 

Red snapper 

Lutianus campechanus 

60,000 

Totuava 

Eriscion macdonaldi 

60,000 

Blue&n tuna 

Thunnus tkynnus 

60,000 

YellowGn tuna 

Neothunnus macroplerns 

70.000 

Pacific mackerel 

Pneumatophorus diego 

80,000 

Bonito 

Sarda chiliensis 

120,000 

Cabrilla pinta 

Epinephelus analogus 

170,000 

Swordfish 

Xiphias gladius 

250,000 

Ishnagi 

Stereolepis ishnagi 

300,000 

Black sea-bass 

Siereolepis gigas 

600,000 


Besides the liver, other organs contain some vitamin A, the most im- 
portant of which are the pyloric ceca of a number of fish species. These 
contain an amount equal to that found in the liver.** The rest of the intes- 


j. R. Kdisbiiry, R. A. Morton, O. W. Simpkins And J. A. Lovcrn, J. Biol. Chem., S2, 118 fIfUH). 
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tinal tract contaiusi smaller amounts. Considerable quantities are preslent 
in the retina and the corpora lutea, small amounts in lungs and kidney.*^ 
Vitamin A is present also in egg yolks (one ben egg contains about 20 U. S. 
Pharmacopoeia Units), milk (3 U. S. Pharmacopoeia Units per gram)’^‘ 
and milk products (butter, 60 U. S. Pharmacopoeia Units per gram). 
Colostrum of man and of cows is from two to ten times richer in vitamin A 
than the milk. Stored fats contain small amounts of vitamin A, especially 
during pregnancy. 



Fig. Absorption spectra of vitamin A ( ) 

and of vitamin As (o~0*o). (A. £. Gillam, 

I. M. Heilbron, W. E. Jones and E, Lederer.) 


Vitamin A occurs both as free alcohol and predominantly in esterified 
form in the animal organism.^’ Vitamin A palmitate has been isolated 
from the liver oil of Stereolepis ishnagp^ and from cod liver oiF^ in the form 
of an addition product with maleic anhydride. The free vitamin A has 
been separated^^ from its esters by molecular distillation. By the use of 
the same method it has also been shown that different esters are present in 
halibut liver oil and cod liver oil. 


» T. Moore. Bioehem. J.. 29. 275 (1931). 
w H. V. Buler and B. Klussmann. Biochtm, Z., 219, 215 (1938). 

n R, A. Morton and 1. M. Hetlbron, Bioehem. J.. 24, 860 (1930). T. Moore. Bioehem. J.. 26, 1 
(1932). 

A. L. Bacharach and B. 1.. Smith, Quart. J. Pharm,, 1, 539 (1928). L. Reti, Compt. rend. soe. biot.. 
120, m (1935). 

** 8. Hamano, Sci. Papers Inst. Phys. Chem. Researeh {Tokyo), 26, 87 (1935). K. Kawakami. ibid 
26, 77 (1935). 

»* K. C. D. Hickman. Ind. Eng. Chem., 29, 968, 1107 (1937). 

A. O.Tiecher, /. Biol. Chem.. 125, 475 (1938). 
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13. Properties 

Vitamin A crystallizes from methanol in pale yellow plates, containing 
solvent of crystallization and melting at C.” A purer form of vitamin 
A crystals, melting at 6:M)4® C., is obtained from ethyl formate or from 
propylene glycol.^® Vitamin A was found to distill at 137-138® C. at 10“ ® 
mm.,^® but later workers found the material to evaporate at 120-125® C. 
at 5 X lO**® mm.’® The natural vitamin A esters distill from 200-240® C. 
at 10"® mm. The absorption spectrum of vitamin A in the ultraviolet 
shows a sharp band at the wave length 328 m^ (Fig. 3), with an extinction 
coefficient EW^ = 1725.” The biological activity is 4,5(K),00() Interna- 
tional Units per gram.®® 

Vitamin A is sensitive to oxidation and autoxidizes readily. It is (^uite 
heat-stable in inert atmosphere and is readily stabilized in solution in oil. 
The esters of vitamin A are more stable than the free substance. Vitamin 
A is destroyed by ultraviolet light and is optically inactive. Vitamin A 
crystals appear to be isotropic. Vitamin A is soluble in most organic sol- 
vents, but is insoluble in water. It has, therefore, been classified as a 
member of the fat-soluble vitamins. 


14. Isolation 

Vitamin A can be isolated from the unsaponihable parts of animal fats, 
especially liver oils. Three different methods have been used for the isola- 
tion, namely, chromatographic adsorption, vacuum distillation and frac- 
tional crystallization at low temperatures. 

The use of the chromatographic adsorption method*^ brought about the 
first preparation of almost pure material. The liver oils of Hippoglossus 
and of the mackerel Scombresox saurus were saponified and the unsaponi- 
fiable part freed from sterols by cooling to —70® C. The non-crystallized 
material possesses the vitamin A activity. By adsorption on aluminum 
oxide followed by differential adsorption on calcium hydroxide a concen- 
trate was obtained, which by repeated adsorption could not be further 

J. G. Baxter and C. D. Robeson. Science, 92, 20k (1940) 

” H. N. Holmes and R. E. Corbet. J. Am. Chem. Soc., S9, 2042 (1937). 

M. Hetlbron. R. N. Heslop, R. A. Morton. E. T. Webster, J. L. Rea and /. C. Drummond, 
Bicckem. J., 26, 1178 (1982). F H. Carr and W. J. Jewell, Nature, 131, 92 (1938) 

« K. C. D. Hickman, /nd. Eng. Chem., 29, 968, 1107 (1937). 

» J, G. Baxter, P. h. Harris, K. C. D. Hickman and C, D. Robewm, J. BM. Cham., 141. 991 (1941). 

•* P. Karrer, R. Morf and K. SchApp. Bah. Cktm. Aeia, 14. 108(1. 1431 (1981). 
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purified.*- It consisted of a viscous yellow oil, which was used for the 
successful determination of the chemical structure. 

The disadvantage of this method lies in the fact that due to the sensi- 
tivity of the vitamin A molecule partial destruction occurs during the ad- 
sorption procedure. Rearrangements of the double bonds and slight oxida- 
tion might be the chief reasons for the change of the compound. 

By the use of the vacuum distillation process vitamin A concentrates 
have been obtained*®' *^' **• ** of the same properties as obtained by the use 
of the chromatographic adsorption method. A decided improvement is 
the use of the short-path high-vacuum distillation which has resulted in 
the isolation of vitamin A and its esters in relatively pure form and has 
enabled the determination of exact boiling points and distillation charac- 
teristics. This has been accomplished by the use of the cyclic molecular 
still and certain adjuncts such as “constant yield** oils and “pilot** dyes. 
The saponified vitamin concentrate is dissolved in a mixture of neutral 
residue oil and constant yield oil and is distilled in stepwise fashion over 
long ranges of temperatures. The concentration of vitamin A in the distil- 
lates is plotted against temperature and results in an “elimination curve’* 
with a distillation maximum on the temperature axis. Using this method, 
vitamin A is shown to distill at 123® as compared with celanthrene red dis- 
tilling at 125® C.*^ 

Vitamin A was finally crystallized** by the use of fractional freezing and 
cold filtration after the isolation of the unsaponifiablc material. Vitamin A 
crystals are best obtained by crystallization from ethyl-formate or from 
propylene-oxide.*-* From methanol, vitamin A crystallizes with solvent of 
crystallization. Pure vitamin A melts at (>3 (>1® C.*'* 

15. Chemical Constitution 

The constitution of vitamin A has been determined mainly by Karrer, 
who suggested the following structure: 

*» P. Kurrer and R. Morf, Helv, Ckim. Ada, 16, 62,> (IfltW) 

w I. M. Heilbron, R. N. Heslop, R. A. Morton, K. T. WcbHlcr, J. I;, Rea and J. C. Drumraond, 
Biochem. J„ 26, 1178 (1932). 

w K. H. Carr and W. J. Jewell. Nature, 131, 92 (1933). 

J. C. Drummond. H. J. Channoa and K. H. Coward, Biuchem. J., 19, 1047 (1926). 

Vitamin A prepared according to this method was used in 1935, to set up a provimonal standard. 
B. M. Hume and H. Chick, Med, Research Council Rept„ IV. The Siandardiaation and E.stimation of 
Vitamin A, 1935 

« K, C. D. Hickman, Ind. Eng, Chern,, 29, 968, 1107 (1937). D. H. KiUeffer, Ibid., 29, 966 (1987). 
N. D. Bmbree, fbid., 29, 915 (1937). J. G. Baxter, E. L. Gray and O. A. Tinker, fbid., 29, 1112 (1987). 

^ H. N. Holmes and R. R. Corbet, J. Am. Chem. ,Soc., 99, 2042 (1037). 

^ J. G. Baxter and C. P. Rol>etion. .Science, 92, 202 (1940). 
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Geronic acid 1,6-Dimethy!- Dehydrated vitamin A 

naphthalene (Spurious vitamin A?) 

The empirical formula is C^HjcO. Various crystallized esters, for ex- 
ample, the beta-naphthoate, m. p. 76® C., the anthraquinone-^-carboxyliic 
acid ester, m. p, 126® C.,®® the acetate, m. p. 56-58® C., the palmitatc, 
111 . p. 26-28® C. and the disuccinate, m. p. 73-75® C., have been prepared 
and indicate the alcoholic function of the oxygen. Molecular weight 
determinations proved to be extremely difficult to carry out due to rapid 
changes of the vitamin in solution. The best experimental values obtained 
show an average molecular weight of 294, but it seems probable that the 
correct weight must be a little less.*^ (Karrer's formula calls for 286.) 

Oxidation of vitamin A with ozone yields geronic acid which proves the 
presence of the j8-ionone ring. The methyl-groups in the side chain are 
converted into acetic acid by oxidation with permanganate, in analogy to 
the results obtained by the oxidation of the provitamins A. Dehydro- 
genation of vitamin A with selenium forms 1,6-dimethyl-naphthaIene by 
closing a second ring and splitting off two methyl groups and part of the 
side chain.®* By the action of mineral acids on vitamin A a transformation 
occurs, which is indicated by a change of the absorption spectrum. It has 
been suggested®* that under the influence of acids a second ring is formed, 

♦ » 8. Httmano. Sci. Papers Inst. Pkyx. Chem. Research (Tokyo). 28, (1935); 32, 44 tll».37). T. H. 

Mei4d. BiocHem. J., 33, .589 (1939). 

•' H. R. Bruiiw. }. Ovshoff and I.. K. WoKT, Biothtm. J., 25, 480 {1981). H. N. HoImM and R. K. 
Corbet. Am. Chem. Soc., 59, 2042 (1937). 

” I. M. Heilbron. R. A. Morton and K, T. WehHter, BMem. 28, 1194 (19.32). 

J. R. Kdi»bury. A. K. Cillfim, I. M. Hdibron Mid R. A. Morton, /bid., 28, 1184 (19.32). 
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It is more plausible that a dehydration may take place. A compound 
apparently identical with dehydrated vitamin A and often referred to as 
^‘spurious vitamin A*' has also been found to be present as a normal con- 
stituent of fish liver oils. (The absorption maxima occur at 350, 368 and 
379 niM.®^) 



Mg. 4. -'Absorption spectrum of aiihyilro- 
vitamin A. (N. D. Embree.) 


Vitamin A contains a continuous series of five conjugated double bonds. 
Maleic and citraconic anhydrides form addition products of unknown con- 
stitution.®® By catalytic hydrogenation of vitamin A five mols of hydro- 
gen are absorbed. The reaction product, perhydro-vitamin A, has been 
prepared synthetically according to the following scheme®®: ^1-Ionone and 
bromo-ethyl-acetate were condensed with zinc according to Reformatsky 
forming /3-ionylidene-ethyl-acetate (II). By catalytic hydrogenation the 
double bonds were saturated and by reduction with sodium and alcohol 
according to Bouvault-Blanc the ester group was converted into an alcohol. 

** D. C. Castle, A. B. Gillant, 1 M. Heilbron and H. W. Thompson, Siochfm. J., 28, 1702 (1934). 

I. M. Heilbron. K. N. Heslop. K. A. Morton, J. h, Rea and J. C. Urummond, Ibid., 26, 1178 (1932). 
H Pritchard, H. Wilkinson, J. R. Kdisbury and R. A. Morton. Ibid,, 31, 258 (1937). N D. Kitibree. 

J. Biol. Chem., 128, 187 (1939). 

8 . Hamano. Faper.s Iku, Phys. Chem. Heitearch (Tokyo), 25, 536, .ISS (1934); 26, 87 (1935), 

K. Kawakami, Ibid., 26, 77 (1935). Z. Nakainiya, Ibid., 27, 42 (1935). 

•• P. Karrer and R. Moit. lUlv. Chim. Acta, ^16, 557, 625 <1933). 
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The corresponding bromide (III) was obtained by the action of hydrobromic 
acid. Condensation of the bromide (III) with sodium-malonic-acid-ester 
followed by decarboxylation 3rielded the acid (IV). 



(I) (H) (III) 

jtf-Ionone /9-Ionylidine-elhyl- \ 

acetate 





(VIII) 


Through the acid chloride the higher ketone (V) was obtained by the re- 
action with methyl-zinc-iodide. The Reformatsky reaction of the ketone 
(V) with bromo-ethyl-acetate gave the tertiary alcohol (VI). The hy- 
droxyl group was converted into the bromide and by reduction with zinc 
and acetic acid replaced by hydrogen. Reduction with sodium and alcohol 
finally yielded the perhydro-vitamin A (VII). This, however, like the 
perhydro-vitamin A from the nattmal vitamin A, proved to be an oil. 
To obtain a crystallized derivative, the higher ketone (VIII) was prepared. 
The alcohol, perhydro-vitamin A, was converted into the bromide, the 
bromide condensed with sodium-malonic-add-ester and the reaction 
product decomposed by saponification. The obtained acid was ccmverted 
into the acid chloride and condensed with methyl- zinc-iodide, yielding 
finally the ketone (VIII), All these steps repre.<)ent the same reactions as 
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described for the synthesis of the ketone (V) from the bromide (III). The 
ketone (VIII) gave a semicarbazone identical with the semtC£U‘bazone from 
the ketone (VIII) prepared from the perhydro-vitamin A of natural origin 

The four conjugated double bonds in the side chain of vitamin A may 
theoretically bring about 16 cw-/ra«5-isomers. The configuration of the 
crystallized vitamin A is unknown. The natural vitamin A might easily 
be a mixture of different isomers, although nothing is known about the 
biological activity of isomeric compounds of this type, nor under what 
conditions rearrangements of the cis4rans-isomtrs in a compound of the 
structure of vitamin A occur. The fact that the absorption bands of 
vitamin A. vary somewhat in different solvents both in position and magni- 
tude suggested to some workers®^ that different equilibria of cis4rans- 
isomers are formed.®* This theory has not yet been proved or abandoned. 

Vitamin A (and also carotene, although somewhat more slowly) is easily 
destroyed by ultraviolet light. The typical absorption band at 325-328 
m^i disappears. From the reaction product three compounds have been 
isolated. One, substance A', has an absorption maximum at 312 m/i. 
Substance A*' is converted by further irradiation into another substance 
with the absorption maximum at 290 miu (like j0-ionone). This new sub- 
stance is probably a ketone. It forms a semicarbazone (absorption spec- 
trum identical with that of i3-ionone-semicarbazone). None of those sub- 
stances has been isolated in pure form. They all are biologically inactive.*® 

16. Synthesis 

Many attempts have been made to synthesize vitamin A.^*® Kuhn and 
Morris succeeded in the following way: jS-Ionylidene-ethyl-acetate^®* 
was reacted with o-toluidine-magnesium-iodide, yielding the o-toluidide 
(II). By conversion through the imide-chloride (III) and the Schiff’s 
base (IV), jS-ionylidene-acetaldehyde (V) was finally obtained (chromous- 
chloride method of v. Braun ^®*). This aldehyde (V) underwent polyene 

A. E. CUlam and M. S. K1 Ridi. Biochtm, J., 32, 820 (1938). 

M B. L. Smith. B. E. Stern and F. E. Young, Nature, 141, 551 (1038). D. C. Garratt. lhid„ 142, 
76 (1938). 

W. J. Dann. Biochtm, J., 27, 274 (1933). A. Cbevallier and co-workers, Compt, rtnd, soe, 5»o{.. 
117, 10 (1934); Compt, rend,, 198, 2207 (1934); BuU, soc. chint. hiol, 18, 703, 1115 (1936); Compt, 
rend, soc. biol., 121, 1495 (1986); Bn^. soc. ehim, biot., 17, 530 (1935). 

^ See. for example, the series of papers by 1. M. Heilbron and co-workers, J. Chem. Soe„ 1938 and 
the fcdlowtng years. R. C. Fuson and R. B. Christ, Science, 84, 294 (1936). I. M. Heilbron and W. B. 
Jones, Chemistry Industry, 58, 813 (1936). F. B. Kipping and K. Wild, tbid., 88, 802 (1939). 

"1 R. Kuhn and C. J, O. R. Morris. Ber„ 70, 853 (1937). 

Ml P. Karrer. H. Salomon. R. Morf and O. Walker. Helv. Chim. Acta, IS, 878 (1932). 

M* J. V. Braon and U. Rudolph, Ber., 67, 269, 175.5 (1934). 
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(I) 

j3-Ionylidene- 

ethyl-acetate 


CHfCtHi-NHMgl 



R 

CC1=N.C,H,.CH, 

(HI) 

Tmide-chloride 




(VI) 


(VII) 
Vitamin A 


synthesis with |3-methyl-crotonaldehyde, to give the five-times un- 
saturated aldehyde (VI), which was reduced to the corresponding alcohol, 
that is, vitamin A. The pure substance was, however, not isolated. After 
purification by cbromatographic adsorption a preparation was obtained 
which, by physical and biological tests, showed a vitamin A activity cor- 
responding to a vitamin A content of 7.5%.“* 


17. Industrial Methods oi Preparation 

Vitamin A is commercially of considerable importance as a food supple- 
ment for man and animals, and as a therapeutic in the hands of physicians. 
A great number of technical methods for the manufacture of vitaniin A 
preparations have therefore been devdoped. Pure crystallized vitamin A 
is marketed, but is not of great commercial agnificance, ance vitamin A 
concentrates are more easily available and are satisfactory tor dinical use. 


See also the critical discuasion by P. Karrcr and A. ROener, ITria. Chim. Acta, 2*. S8« (1940). 
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The startisg materials for most technical vitamin A preparations are 
fish livers and other viscera, which contain, besides vitamin A, consider- 
able, Iwt varying amounts of vitamin D. A great industry has been 
developed for manufacturing concentrates which contain either vitamin A 
alone or in mixture with vitamin D. 

There are three commercial methods for preparing vitamin A concen- 
trate from a fii^ oil. The first and oldest employs saponification of the oil 
by alkali. The second method starts with hydrolysis but follows with the 
molecular distillation of the non-saponifiable matter from which the sterols 
have previously been removed by freezing. There results a distillate of vita- 
min A-alcohol containing l,000,000-2,000,0f)0 units per gram. The third 
process which is rapidly becoming the most important technical method 
for extracting vitamin A subjects the crude fish oil itself to molecular 
distillation and volatilizes, besides the free vitamin A-alcohol, the natural 
vitamin A-esters leaving the main body of the oil undistilled. The residue 
is a bland oil which is used in the leather industry or is converted into 
turkey-red oil. The molecular distillates contain the natural esters of 
vitamin A, chiefly palmitic, accompanied by esters of Cu and Cm adds. 
The non-saponifiable matter ranges from 10% to 30% and the potency of 
the vitamin A distillate from one hundred to half a million units per gram 
from a single step of distillation. This method developed by Hickman 
and co-workers has made available for food fortification and drug use a 
large range of low potency oils which hitherto were useless for this purpose. 

Much effort has been spent on the development of methods for the prepa- 
ration of concentrates of vitamin A and vitamin D from fish liver oils. 
Although the liver nils of many species contain con.siderable amounts of 
both vitamins, halibut liver oil is the preferred commercial source of hi{|^ly 
potent vitamin A preparations. Spedal care must be taken for the pres- 
ervation of these vitamins in the fresh livers. Vitamin A is more sensi- 
tive to oxidation and heat than is vitamin D. Fish livers are generally 
stored in the cold and protected by sterilization against destruction. The 
oil is obt^ed by application of pressure, by treatment with steam whereby 
the oil collects on the surface, or by extraction of the livers with organic 
solvents. 

In order to concentrate the vitamins, the oil is stqmnified. The vitamins 
are then in the tmsaponifiable portion. It is essential not to apply ^ 
much heat or too mudi alkali. Therefme, some methods use only partial 
saponification which, alter separation of tiie free fatty adds, brings about a 
considerable concentration. The saponifiddion is usually carried out in 
alcohol, ethylene glycol or acetone at room temperature Or dightly elevated 
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temperatures in inert atmosphere. The next step is the extraction of the 
unsaponiliable part. Good solvents are ether, petroleum ether, ethylene 
chloride, benzene, etc. The solvents are distilled off and the residue used 
as such. 

As alternative steps in the above procedure for concentrating the vita- 
mins A and D the entire liver can be saponified instead of saponif 3 dng the 
liver oils, or in place of saponification the liver oils can be extracted wi^ a 
non-miscible solvent, such as alcohol. 

Methods for overcoming the fishy odor and taste of the oils are tteh- 
nically important. Removal of the odorous compounds by distillation has 
already been mentioned. A partial hydrogenation of the oils has bwn 
recommended repeatedly. \ 

The use of proper oils for blending to the desired vitamin potency is quiu- 
important. Oils contsdning high amounts of unsaturated fatty acids arc 
undesirable, since they tend to form peroxides which in turn oxidize the 
vitamins. Oils of satisf 3 ring properties are olive oil, coconut oil (recom- 
mended for vitamin A standards), linseed oil and, to a certain extent, corn 
oil. All these oils help to overcome the fishy odor and taste and contain 
natural antioxidants. For some purposes special antioxidants, for ex- 
ample, hydroquinone or vitamin E, are added.’**^ 

VITAMIN At 

Whereas only vitamin A seems to occur in salt water fish and in mam- 
mals, fresh water fish contain besides vitamin A a slightly different sub- 
stance, provisionally called vitamin At'*** (maximtun ratio vitamin At: vita- 
min A = 2.67:1). It has been found in the eyes, livers, viscera and in- 
testines. 

Vitamin At has not been isolated in pure crystalline form. Its separa- 
tion from vitamin A cannot be achieved by either chromatographic ad- 
sorption or vacuum distillation. Therefore it has not been possible to de- 
termine with certainty tiiie constitution of vitamin At. Vitamin As can 
be differentiated from vitamin A by: 

1. The ultraviolet absorption spectrum in alcohol. Vitamin A ex- 
hibits a maximum between 325 and 328 tan compared with 345-350 him 
( subsidiaty maximum at 285 ium) for vitamin At (see Fig. 3 on page 59). 

The Council <rf Phernuicy of the Am. Med. A.isoc. does not accept the use of hydroquinone. 
/. Am, Med. Assoc,, 109. 1454 (1937). 

»» E. Ledercr and V. Rosanova. Biokkimiya, 2. 293 (1937). J, R. Bdlsburyt R. A. Morton and 
O. W. Simphint. Natwrc, 140, 234 (1937). A. E. Giliam, 1. M. Hdlbron. B. Lederer and V. Rosanova. 
md., 140. 233 (1937). 
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2. The spectral absorption of the blue solutions brought about by 
antimony trichloride dissolved in alcohol. Vitamin A gives bands mainly 
at 610-620 mu, whereas vitamin Aa shows maximum absorption at 693 
-697 m/i. (For details of the determination methods see page 79.) 

Vitamin Aa contains six conjugated ethylene linkages, whereas vitamin 
A contains only five. By hydrochloric acid treatment, vitamin Aa appears 
to “cyclize"' in the same manner as does vitamin A, suggesting a close 
chemical relationship of both compounds. The reaction products of both 
vitamins show the same absorption bands in the ultraviolet. 

Formulas (1) and (II) have been suggested as possible constitutions of 
vitamin Aa. Formula (I) represents the formula of vitamin A plus an 
additional double bond in the ring. Formula (II) is the Caa-homolog of 
vitamin A and is called /3-apo-o-carotinol according to Karrer’s nomen-^ 
clature. 



On the basis of the available experimental evidence it cannot be decided 
which of the formulas is the correct one. By oxidation with ozone, geronic 


K Cxperimontai Values 
o Assumed Values 

^•Apo2-carotinol 


/?*Apo-3carotinol 


/?-Apo-4*carotjnol 


fi • Apo-Scarotinol 
(Vitamin A,?) 

Axerophtot (Vitamin A) 
/?-Apo*6^arotinol 


-T- 

\ asaTSW XO 380 400 <20 440 4fi0m/i 


Fig. 6. — Positicm of the absorption maxima of 
the homologs of vitamhi A. (F. Karrer, A, 
Ruegger and A. Oeiger.) 


acid is obtained in an amount corresponding to the Caa-formulation. No 
a,a-dimethyl-succinic acid, a degradation product of a compcatnd of fmnmula 



70 


VITAMIN A* 


(I), could be detected in the ozonolysis product. On the other hand, the. 
elimination curves of vitamin A and vitamin Aa determined by stepwise 
short-path high-vacuum distillation resemble each other very closely, 
vitamin distilling less than 3® C. higher than vitamin A,**" as Would be 
expected in case vitamin Aa has the formula whereas a compound of 
the formula (II) would be expected to distill at an appreciably higher tem- 
perature. 

By mild oxidation of /3-carotene, a series of aldehydes has been ob- 
tained, which after reduction yields a series of “homblogs” of vitamin AJ®'* 
From the data of the absorption maxima of these compounds and of me 
maxima produced by SbCls it is possible to predict the absorption charaf^- 
teristics of /3-apo-5-carotinol of formula (II) (see Fig. 6). Since these dat^ 
do not correspond with the data of vitamin Ay, it appears questionable 
that vitamin Ay has the constitution of (II). 

On oxidation with aluminum-/^r/-butoxide in the presence of acetone, 
both vitamins yield ketones, which contain three carbons more than the 
starting material. These are formed by condensation of the originally 
formed vitamin aldehyde with acetone.* The ketones differ from each 
other by their absorption maxima in the ultraviolet: the ketone from 
vitamin A shows a maximum at 401 m/u, the ketone from vitamin Ay at 
413 m/u (in alcohol). These ketones are oils; however, the />-chloro-ben- 
zoyl-hydrazones are crystalline substances. Analysis of the compound 
obtained from vitamin Ay supports the view tliat vitamin At is the Ctr 
homolog of vitamin A.*'- 

A further proof for the close chemical relationship of vitamin Ay and 
vitamin A is seen in the fact that both vitamins appear in the organism of 
fish (perch and dace) when carotene is fed. Carotene, therefore, is also a 
provitamin Ay.**** 

The physiological significance of the presence of two chemically different 
vitamins A is not known at present. Comparative studies of various or- 
gans in different fish lead to the conclusion that vitamins A and Ay probably 
do not replace each other with equal readiness in all functions. 

E. L. Gray and J. D. Cawley, Biol. Chem., 134, 897 (1940). B. L. Gray, Ibid., 131, 317 (1989). 
J. A. Lovern, T. H. Mead and R. A. Morton, Biock^m. J„ 33, 338 (1939). 

E. L. Gray and J. D. Cawley. J. Biol. Chem., 134, 397 (1940). 

For a more detailed description of this reaction and its reaction products see page 76. 

»» H. V. Euler. P. Karrer and U. Solmssen. Helv. Chim. Ada, 21, 211 (1988). P. Karrer, A, ROegger 
and A. Geiger, Ibid., 21, 1171 (1938). 

J. W. Batty, A. Burawoy. S. H. Harper. I. M. Heilbron and W. S. Jones. J. Chem. Soe., 1938, 

175 . 

»*» A. E. Gitlam. I. M. Heilbron. W. E. Jones and E, Lederer. Biochem. J., 32, 406 (1988). 

»»* R. A. Morton and R. H, Creed, Ibid., 33, 318 (1939). 

J. A. Lovern, R. A, Morton and J. Ireland, Ibid.. 33, 325 (1939). 
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Attempts have been made to corrdate the different vitamin A and As 
concentrations of various tissues with possible functions of these vitamins. 
As yet, no definite conclusions as to the difference in the participation of 
these vitamins in fat exchange or assimilation can be reached. Rats, 
frogs and birds can store vitamin A* in the liver when it is ingested in the 
food.»« 

Up to the present, there is no indication that vitamin A*, although it 
might have a biological value equal to vitamin A, plays any significant role 
in mammalian nutrition.^^^ 

OTHER VITAMIN A FACTORS~-VITAMIN A, 

It is important to know how many different vitamins A occur in nature. ^ 
Only two forms are definitely known — the previously described vitamins A 
and Aa. There are many reasons, however, for assuming that some other 
vitamins A exist. The data of most fish liver oils differ from each other in 
their relation of biological activity, absorption spectrum and absorption of 
the color produced by antimony trichloride. These differences might pos- 
sibly be explained by errors of determination, fordgn substances influencing 
the absorption and perhaps some S3mergistic factors of unknown constitu- 
tion. On the other hand, critical evaluation of these factors and various ex- 
perimental evidences lead to the assumption that other vitamins A exist. 
Isomers and ‘‘homologs** of vitamin A might possibly be active ingredients of 
fish liver oils. All these questions are more or less speculative at present, 
but require serious consideration. 

The possibility of an occurrence of a a,v-/m»5-isomeric factor of vitamin A 
in concentrates was suggested when it was established that the vitamin A 
absorption bands of fish liver oils and concentrates vary somewhat with 
change of solvent, both in position and in magnitude. 

It has also been observed that short irradiation of solutions of vitamin A 
sometimes increased, sometimes decreased the absorptimi maximum at 328 
mM, but that the absorption returned almf>st to the original value after the 
irradiated solution had stood in the dark. Variations in the proportions of 
cis-transAsomers might explain these results”* and also some of the spon- 
taneous increases as well as decreases in absorption of liver oils and coii- 

*** J. R. Bdisbury. R. A. Morton. G. W. Simpkins and J. A. Lovcrn. Biochem. 7.. 32, IIS (3S3S). 
J. A. Lovern and R. A Morton. Ibid,, 33, 330 (1030). 

A. R. ^illam. Ibid., 32, 1406 (1938). H. Lederer and P. H. Rathman. Compt. rend., 206, 781 
0038); Biockcm. 7 . 32, 1252 (1938). 

A. Wormall. Annual Reports on the Progress of Chemistry for I9S8, 35, 332 (1939). 

"• R. L. Smith, B. K. .Stem and F. K. Yowng. Nature, 141, 551 (1938) A. K. Gillam and M S. K| 
Kidi. Rioekam. 7.. 32, 820 (1938). 
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centrales during the period of storage. Indications along the same lines 
come from comparative studies of the ratio of the adsorption at 328 m/i 
and the SbCU color test maximum at 620 mu of different fractions of dis- 
tilled halibut intestinal oil which varies between 0.21 and 0.38.^*® 

Different values for the absorption maxima are obtained when liver oils 
are saponified in the cold than when heat is applied. The absorption is 
appreciably higher after cold saponification. A biological comparison 
of these samples has not been reported. The existence of a heat labile 
isomer of vitamin A, however, has been postulated. ^ 

The existence of other forms of vitamins A is also shown by the following 
experimental evidence. By adsorption of a vitamin A concentrate on djil- 
cium hydroxide, a small amount of a foreign substance has been obtained 
with an absorption maximum at about 270 This substance, called 

“hepaxanthene,” has not been obtained in pure form and its biological 
activity is uncertain. The new compound is regarded by some workers as 
an isomeric vitamin A, while others discuss the possibility of an artifact 
arising from decomposition of vitamin A. A non-quantitative separation 
of vitamin A from other active substances has recently been achieved by an 
extraction with 83% alcohol, The soluble material resembles the sub* 
stance known as vitamin A in biological and physical properties, whereas 
the insoluble material appears to be distinctly different. It shows a con- 
siderably greater biological value than would be anticipated from the reac- 
tion with antimony trichloride or from the spectroscopic examination. The 
material exhibits a maximum at 285-290 m/i often without even an inflec- 
tion at 328 mu. Material of the same characteristics has been obtained 
from mammalian liver oil. (£}?«,. 290 m^t = 240, SbCU color test 
-EJot. 594 m^i = 180, 496 m/x = 172.) If this material proves to be a 
real vitamin A, it must be chemically different from the vitamins A and A*. 
Besides the already mentioned different solubility, it is apparently not af- 
fected by hydrogen chloride, as indicated by the unchanged absorption 
spectrum and biological activity (18,000 International Units per gram). 
Material of the same characteristics has also been obtained from whale 
liver oil by chromatographic adsorption on calcium hydroxide.'®* 

>*• H. N. Griffiths, T. P. Kilditch and J. Rae, Analysti 56, (1933). I. M. Hcilbroa, A. E. Gillam 

and R. A. Morton. Biochetn. J., 25. 1362 (1931). H. N. Holmes and R. E. Corbet. J, Am. Chem. Soe., 
90, 2042 (1937). 

R. A. Morton. Nature, 141, 552 (1938). 

« D. C. Garratt. IbiA, 142, 75 (1938). 

« 1». Karrer, Ibid., 132. 26 (1933). P. Karrer and K. Schdpp, Betv. Chim. Acta, 19, 626 (1038). 
H. V. Eulitf, P. Karrer and A, Zubrys, Ibid,, 17, 24 (1934). 

« H. Pritohard. H. Wilkinson. J. R. Bdisbury and R. A. Morton. Biochem, J., 31, 268 (1037). 

H. WiUslaedt and H. B. Jensen, Nature, 143, 474 (1939). 
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Another indication for the possible existence of additional vitamin A 
factors is the discovery that the visual purple in some marine fish has dif- 
ferent absorption characteristics than either rhodopsin or porphyropsin 
(see page 89). Furthermore, after the administration of a-^carotene to 
rats, a compound of unknown biological activity was observed in the liver 
oils which exhibited upon reaction with antimony trichloride an absorption 
maximum at about 540 By comparison of the different characteris- 

tics of this material with those of the vitamins A and A 2 (see Table II) 
it seems possible that the new substance, which probably will be desig- 
nated as vitamin As, contains one double bond less than vitamin A. If 
that is the case, it seems possible that the ethenoid linkage in the ring 
of vitamin A is replaced by a single bond. It will be recalled that vita- 
min As which has one double bond more than vitamin A might have the 
additional double bond in the ring. On the other hand, if it can be sub- 
stantiated that vitamin As is not dehydrated by the action of mineral acids, 
it might be concluded that this compound has not an allyl-alcohol-constitu- 
tion. 


Table II 



Vitamiii Ai (?) 

Vitamin A 

Vitamin At 


4 double bonds 

5 double bonds 

6 double bonds 

Absorption maximum : 

285-290 m^ 

325*~328 vxifi 

345-350 mp 

SbCli color reaction: 

496 and 594 mM 

580 and 620 m^ 

645 and 693 mp 


VITAMINS A 
18. Biogenesis 

The formation of vitamin A in the organism of mammals and birds has 
previously been discussed (see page 53). The ingested provitamins are 
converted into vitamin A, probably in the liver. The origin of the tre- 
mendous quantities of vitamins A in fish livers and viscera is a much dis- 
cussed question. Principally there are only two possible explanations— 
either the fish eat the vitamin A or they make it themselves. The former 
theory appears somewhat remote. Fish, at least many species, live from 
plankton which is devoid of vitamin A, but may contain vitamin A pre- 
cursors. Other q>ecies ingest vitamin A in that they live from fish,, but no 
fundamental difference has been observed in the vitamin A content of the 

&. iftibiiMid M. L. Teckleaburg, Z. phyM. Ciifm., 221, 117 (1933). 
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livers of these two classes of fish, theory, then, that fish produce the 
vitamin which they store in their body appears to be much more plausible. 
The vitamin may, of course, be produced by the same or similar methods 
which the plant uses in building up provitamins A (see page 50). Thus 
it is possible that vitamin A is produced by total synthesis or by transforma- 
tion of some ingested vitamin A precursor. The latter theory has been 
favored in recent years by many investigators. It may well be that fish 
are able to convert, besides provitamins A, also other carotenoids into Vita- 
min A. Since fish consume considerable amounts of Crustacea and smce 
there is evidence^^^ that fish are able to absorb the principal carotenoioi of 
Crustacea, astaxanthin, it has been thought possible that fish posses^ a 
peculiar power of transforming these carotenoids into vitamin 
Whatever the actual mechanism may be, there is ample evidence that 
fish have a somewhat different way of producing vitamin A than mammals. 
This is obvious, for example, from the occurrence of vitamin A 2 in fish. 
This vitamin has, at least so far, not been observed in the tissues of mam- 
mals or of birds. 


19. Specificity of the Vitamin A Action 

The vitamin A action is, as demonstrated in experiments with rats, the 
result of the structure of the entire molecule. In the provitamins A, the 
presence of at least one ring of the jS-ionone structure in the molecule is 
essential. Carotenoids with a ring structure corresponding to that of 
a-ionone are inactive. Thus, for example, jtf-earotene, which contains two 
rings of the jS-configuration, is under optimum conditions twice as active as 
o(-carotene, which contains only one ring of the j^-configuration, the second 
ring being of the a-configuration.^** The same is true for all the other 
provitamins A. They all have only one ring of the jS-structure. In agree- 
ment with this aphanicin which is only about one-fourth as active as j3- 
carotene has been assigned a constitution of double the molecular weight of 
the other carotenes and containing only one ring of the 0 -ionone configura- 
tion. The minimum dose necessary to induce growth in rats tmder opti- 
mum conditions is 2.5 7 for /^-carotene while the minimum amount of 
aphanicin is 10 7 and that of the other provitamins A 5 7 . While not all 
workers in the field agree as to the minimum dose of the provitamins A 

O. Wald and H, Zassman. Nalurt, 140, 197 (1937). 

R. A. Morton, Chemutry Industry, 59, 301 (1940). 

R. Ktihn and H. Brockmann with A. Schennert and M. Schieblteh, Z. physiol. Ck€m» 221, 129 
(1939). ' 
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there is general agreement that somewhat smaller doses of /8-carotene are 
necessary than of all the other provitamins. 

On the other hand, all provitamins are less active than vitamin A. In a 
series of carefully conducted experiments on rats, the activity of vitamin A 
was found to be twice as high as the activity of /S-carotene. According to 
these findings, vitamin A exhibits an activity of 3.32 X 10« International 
Units per gram while )3-carotene contains 1.667 X 10® International Units 
per gram.^*® This indicates that one mol of /8-carotene 3rields one mol of 
vitamin A, probably due to an asymmetrical fission of the /3-carotene mole- 
cule. Other investigators have reported similar findings.’*®* '*® 

Esters of vitamin A, for example, the crystalline anthraquiiione-2- 
carboxylate and the 2-naphthoate, show the full biological activity of the 
free alcohol on the molecular weight basis.’®® 

The complete series of conjugated double bonds is also necessary. The 
biological activity of the a- and /8-dihydro-carotene (minimum daily dose 
IOO7) is not certain and is probably due to the presence of unreduced caro- 
tenes or to a biological dehydrogenation yielding carotene,’** Tetrahydro- 
vitamin A, l-(/3-cyclo-geranyl)-geraniol,’*^ and perhydro-vitamin A’*® show 
no activity. Some degradation products of /8-carotene show vitamin A 
activity in a daily dose of 5 7 (like a-carotene) as long as one part of the 
molecule still contains the 0-ionone structure. Thus by mild oxidation of 
/8-carotene with chromic acid a biologically active oxy-/3-carotene of un- 
known constitution is obtained.’*® Naturally occurring carotenoids with 
hydroxyl groups in both ring systems are inactive. Another oxidation 
product, /8-semi-carotenone (I), a diketone, ’*’^ and its mono-oxime (II) are 
active. By ring closure of the diketone with alkali the /8-dehydro-semi- 
carotenone (III) is obtained, which is still active.'** When, by further 
oxidation, the second ring with /8-ionone structure is also opened to form 
a tetraketone’*® the activity disappears. By oxidation of /3-carotene with 
perbenzoic acid /8-carotene-oxide is obtained’^® which is biologically active 


S. W. P. Underbill end K. H. Cowerd, Biocktm, J., 33, .)8W ( IttSil). 

H. V. Bulcr, P. Keircr end A. Zubrya, Htlv, Chim, Acta. 17, 24 (1934). 

(^1 R. N. Holmea end R. E. Corbet. J. Am. Chtm. See., S9, 2042 (1937). 

J. G. Bester end C. D. Robeaon. Sci 4 nce, 92, 202 (1940). 

J, H. C. Smith. J. Biol. Ckom., 90,597 (1931), H. v. Euler, P. Xerrer. H. Helletrdm end M. Ryd 
bom, Hdv. Chim. Acta, U, 989 (1981). R. Kuhn end H. Erockmenn. Z. physM. Cham.. 213, 1 (1982) 
L. Rusicke end W. Fiacher. ffelv. Chim. Acta. 17, 633 (1934). 

H. V. Euler. V. Dcmole, P. Kerrer end O. Welker, Ibid., 13, 1062 (1930). 

R. Kuhn end H. Brackmenn, Z. phytiol. Cham., 213, 1 (1932); Bar.. OS, 894 (1932). 

R. Kuhn end H. Bwkmmnn, Barr, 06, 1319 (1933). 

R. Kuhn end H. Brackmenn. Ann., SIO, 95 (1985). 

R. Kahn end H. Brackmenn. Bar., OS, 894 (1982). 

H. V. Euler. P. Kerrer end O. Welker, Hdv. CMm. Aeta, 15, 1607 (1982). 
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in a daily dose of 5 y. Carotene iodide is also active in a daily dose of 40 y, 
probably due to a regeneration of carotene.'** 



\ M. p. 135 " C. 

501 , 470 m/i (Benzene) 

I NOH 

U 

(ii) 

4 -Seini-caroteiione-iiionoxitnc 



n 


c=o 

(:h< 


M. p. 176 " C. 

512 , 480 tn/i (Benzene) 


(HI) 

jS-Dehydro-semi-carotenone 


Some of the degradation products of /3-carotene are biologically active» 
whereas the corresponding derivatives of a-carotene appear to be inactive. 
By mild oxidation of jS-carotene with permanganate^ a series of aldehydes 
was obtained, by fission of various double bonds. Thus, the main reac- 
tion product, i3-apo-2-carotinaP^2 (fonnula (II) on page 77) is obtained by 
an oxidation of the double bond in the aliphatic chain of the molecule 
adjacent to one ring. This compound as well as its oxime proved to be 
active in a daily dosage of 5 7 .*^* The vitamin A produced from /?-apo-2- 
carotinal in rats resembles in all characteristics the vitamin A or axero- 
phthol.^^^ In other words, this degradation product of ^-carotene is appar- 
ently not a vitamin A, but a provitamin A. By reduction with aluminum 
tsopropylate, /3-apo-2-carotinal can be converted into the corresponding 
alcohol, /3-apo-2-carotinol, which compound probably also is a provitamin 
A. By condensation of j8-apo-2-carotinal with ethyl-magnesium-bromide, 
a tertiary alcohol of the formula (III) is produced, which is also active.*^* 

P. Karrer and M. Rydbom. Btr., 62, 2445 (1929), T. Moore, loficW, 1929, IX, 219. 

P. Karrer and U. Solmssen, ffglt. Chim. Acta, 20, 682 (1037). 

*4* H. V. Bttler, P. Karrer and U. Solmssen, 21, 211 U938). 

H. V. Bttler, G. OOntber. M. Malmberg and P. Karrer. Ibid., 21, 1619 (1988). 

P. Karrer. A. ROegger and A. Geiger, Ibid., 2I« 1171 (1988). H. v, Euler, G. Ottother, M. Malm- 
berg and P. Karrer, Ibid,, 21, 1619 (IU38) 
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(11) (III) 

0-Apo-2-carotinal 



^-Apo-S-carotinal ('^^ 

0-Apo-4-carotiiuil 



(VI) (VII) 

/}-Apo-€-carotiiial /)-Apo-6-carotinal 

Vitamin A-aldehyde 


The next lower "homolog” of /3-apo-2-carotinal is j3-apo-3-carotinal (for- 
mnla (IV)). which is inesent in the oxidation products in small quantities, 
but which has not been isolated. j9-Apo-4-caFotinal has been obtained, 
however, in the form of its crystallized oxime, which is biologjically active. 
The corresponding alcohol has also been prepared. The next lower “homo- 
log” would be /3-apo-5-carotinal, the alcohol of which has the formula whidi 
has tentatively b^n assigned to vitamin Af. This compound has not yet 
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been isolated from the oxidation potxhicts of carotene, although lower homo- 
logs are present. The absorption spectra of the series of “homolog” alco- 
hols of axerophthol indicate a constant shift of the maxima toward higher 
wave lengths with an increasing number of double bonds present (see Fig. 
5). From these data it appears questionable that vitamin A 2 has the for- 
mula of a j8-apo-5-carotinol. 


20. Determination 

(a) Chemical Methods 

A great number of different color reactions have been proposed for ihe 
determination of vitamin A. These color tests are based on three different 
types of reactions: reaction with phenols, with acids, and with inorganic 
chlorides, which in aqueous solution show an acidic reaction. 

The method of Carr and Price‘s* is the only one in general use : A 20-25% 
solution of antimony trichloride in chloroform is added to a solution of 
vitamin A in chloroform. To insure greatest possible accuracy in the de- 
termination the antimony-trichloride reagent should be free of any traces 
of ferric chloride. A blue color develops which shows its maximum 
after 10 seconds and then immediately begins to fade. The color is meas- 
ured in a colorimeter, for example, in the Lovibond tintometer (visual or 
photoelectric*^’^ observation), or by spectrophotometric analysis. The 
values obtained may be checked against standardized solutions of copper 
sulfate^^® and cobalt nitrate or against certain color filters. The value of 
a 20% solution of the vitamin-containing material in chloroform is called a 
“Lovibond Unit.” For international use a 2% solution is recommended. 
The values obtained by this latter method are called “C. L. O.” (cod liver 
oil) Units. Various other manners of expressing the color value have been 
recommended, for example, the Carr-Price value, the Moore blue units 
and the Dann-Evelyn*®* L-620 m/u value. A noteworthy variation is the 
Anderson-Nightingale^®* dilution test which consists in diluting the ma- 
terial to be analyzed .for its vitamin A content with chloroform until the 
blue color is just visible. (For comparison of different units see also page 
83.) 

y** J. R. Bdtsbttry. Analyst, 65, 484 <1940). 

»« R. L. McPttrlan. J. W. Reddtc and E. C. Merrill. Ind. Eng, Ckeni., Anal. Ed., 9, 324 (1937). 

F. H. Carr and B, A. Price. Bioehem. J., 20,498 (1926) 

««H. Brckckmann and M. L. Tecklenburg, Z. physiol. Chem., 221, 117 (1982), 

« T. Moore. Btochsm. J., 23, 1267 (1929); 31, 166 (1987). 

W. J. Dann and K, A. Evelyn, Ibid., 32, 1008 (1988) 

M A. Andersen and R. Nightingale. J Soc. Chsm. ind . 48 . 139T (1929), 
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The values obtained with the Carr-Price method for vitamin A from liver 
oils are in fairly good agreement with the results of biological tests. Crude 
liver oils contain substances which interfere with the color reaction, and 
should therefore be saponified under anaerobic conditions and in the ab* 
sence of sunlight before testing. Some naturally occurring acids decrease 
the value.*'* Some carotenoids, for example, cydized vitamin A, increase 
the value. It is possible, however, to differentiate by the use of selective 
filters between the colors produced by vitamin A and by carotenes by meas- 
uring the absorption, the maximum being at 620 m/x for vitamin A and at 
590 mft for carotene. The maxitnntn for vitamin A^ lies at 693 mjii. Im- 
purities and mixtures of vitamins A and carotenes may change the wave 
length of the maximum of absorption.*" Visually, the colors produced 
by carotene and vitamin A can be differentiated since the blue obtained 
from carotene persists without fading, while the blue from vitamin A fades 
in two to five minutes. A mixture is indicated when the color fades 
rapidly at first but remains constant later on. A red color is caused by the 
presence of sterols. *" The Carr-Price color reaction cannot be used for the 
determination of biologically active material in synthetic vitamin A prepa- 
rations. 

Antimony trichloride causes a change in the chemical structure of the 
carotenoids, the nature of which is unknown. The reaction product is 
biologically inactive.*" 

A number of modifications of the Carr-Price test have been proposed, for example, the 
addition of a 0.5% pyrocatecbol,'" the addition of arsenic trichloride and hydroqui- 
none,*** determination at low temperature,'** determination of the blue value minus the 
yellow value,*** etc.***' *•* 


*** Y. Raoul and P. Meunier, J. pharm. chim.. 29, 112 (1939) 

E. R. Norris and A. E. Chureh, /. Biol Chem., 85, 477 (1939); 87, 139 (1930); 89, 421 (1980). 
E. L. Smith and V. Hasley. Biockem J., 24, 1942 (1980). K. H. Coward, F. J. Dyer, R. A. Morton and 
J. H. Gaddum. Ibid., 2S, 1102 (1981). R. S. Morgan, fHd., 26, 1144 (1982). 

A. Bmmerie, Naturo, ISl, 364 (1933); Acta Brtvia Nttrland, PhyM. Pharmacol, Microbiol,, 2, 
1A6 (1933); Proc. Roy. Soc. Amsterdam, 35. 1847 (1932). 

H. V. Euler. P. Karrer, B. Klummann and R. Morf, ffdr. Chim. Aria, 15, 502 (1932). H. Brock- 
mann and M. L. Teckicnburg, Z. physiol, Cham., 221, 117 (1933). I. M. Hetlbron. A. E. Ctllam and 
R. A. Morton, Biochem. J., 25, 1352 (1931), M. van Bekelen, A. Bmmerie, H. W. Julius and K. U. 
Wolff, Acta Brwia Neerland, Physiol. Pharmacol. Microbiol. ^ 1, 8 (1931). 

A. B. Oitlam. I. M. Heilbron. R. A. Morton and J. C. Drummond, Biochem. J., 26, 1174 (1932). 
J. Rosenthal and J. Brddlyi, Ibid., 28, 41 (1984). 

^ G. Gutseit. Arch. sci. phys. not., 9, 165 (1927). 

E. R. Norris and co-workers. J. Biol. Cham., 85, 477 (1929); 89, 421 (1930); J, NatrUion, 5, 495 
(1932). 

R. S. Morgan, Biocham. J., 26, 377 (1932). 

B. L. Smith and V. Hasley, Ibid., 24, 1942 (1930); 27, 17 (1933) 

•« T Moore. Ibid., 24, 692 (1930). 
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The Carr-Price method uses the principle of developing a color of vita- 
min A with an inorganic chloride in anhydrous solvents. The same principle 
is used in tests with aluminum chloride, arsenic chloride, ferric chloride 
or stannic chloride. The principle of using acids to produce a measur- 
able color with vitamin A has been recommended. Sulfuric acid, phos- 
phoric acid,*®* chloric acid,**^ molybdenum phosphotungstic acid*®* and 
trichloroacetic acid**® are used either alone or in combination with the 
phenol principle, to produce colors.*®’^* **** The latter principle is also tksed 
alone, for example, by means of pyrogallol.*®®* I 

The phenol principle has also been applied in conjunction with inorganic 
chlorides.*^* \ 

All these methods are equally as accurate or less so than the Carr- Price 
reaction. None of these has been adopted for the determination of vita- 
min A by any official organization. 

Carotene in the presence of vitamin A can be determined by either chroma- 
tographic adsorption*^^ or by colorimetric measurements*’* of the color 
developed by the Carr-Price reaction (see above) or by direct spectroscopi- 
cal examination. 

The amount of free vitamin A in mixture with vitamin A esters can be esti- 
mated by the behavior of the free vitamin toward methanol: From an oily 
solution, containing both the free and the esterified vitamin A, about 
4(H30% of the free vitamin, but no esters, is extracted with methanol.*^® 
Molecular distillation is another method for the separation of the two 
forms.*’® 


(6) Physical Methods 

The extinction coefficient of the characteristic absorption band at 325- 
328 m/i can be used for the quantitative determination of vitamin A.*’® 


O. Rosenheim and J. C. Drummond, Biochem. J.. 19, 753 (1925). 

M F. H. Carr and E. A. Price. Ibid., 20, 497 (1926). 

m E. Kobayashi and K. Yamamoto, Soc Chem. Ind., Japan, 27, 1060 (1924). 

Iff A. E. Pacini and M. H. Taras. J. Am. Pharm. Assoc., 26, 721 (1937). 

>ff N. Beassonoff, BnU. soc. chim. biol., 11, 294 (1929). "" 

M W. R. Fearon, Bioehem. J., 19, 888 (1925). 

tn T. Moore. Lancet, II. 219 (1929). S. G. Willimott and F. Wokes, Ibid., II, 8 (1927). O. Rosen* 
hdm and T. A. Webster, Ibid., II. 806 (1926); Biochem. J., 20, 1342 (1926). 

J. Rosenthal and J. Erd41yi, Biochem. Z., 271, 414 (1934). 
p. Karrer.and K. SchOpp. Helv. Ckim. Acta, 15, 745 (1982). 

n* R. Kuhn and H. Brockmaan. Z. physiol, Chem., 206, II (1931). 

V. Ritsert. O. P., 636,227. 

K. C. D. Hickman. Ind. Eng. Chem., 29, 968, 1107 (1937). 

ff* R. A. Morton. Practical Aspects of Absorption Spectrophotomary, Institute of Chemistry, 1938. 
I. M. Heilbron and co-workers, Biochem. J., 22, 987 (1928); 24. 870 (1930). A. ChevaUier and P. 
Chabre. Ibid,, 27, 298 (1933). K. H. Coward. F. J. Dyer, R. A. Morton and J. H. CUMdum. Ibid., 25. 
1108 (1981). A. ChevaUier and P. Douboulox. BsM. soc. chim. biol. 18, 190 (1986). 
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Care must be taken in choosing the solvent; that is, either cyclohexane, 
ethyl or isopropyl alcohol has been recommended. The absorption bands 
vary somewhat both in position and in magnitude with change of solvents. 
As much as 10% increase (in ether) or 10% decrease (in chloroform) has 
been observed in comparison with the extinction coefficient of the same 
sample of vitamin A in alcohol.'’^ It has been recommended^*® to check 
the instruments used against a suitable potassium chromate solution as a 
standard before and after each determination in order to increase the ac- 
curacy of the determinations. The factor for converting 328 m^e, 

into International Units of vitamin A per gram is 1600, as accepted by the 
International Vitamin Conference 1934 (“conversion factor'* = I. U./ 
The value for the “conversion factor" for pure vitamin A is 
believed to be about 2000-2100,*’® or even 2375, but not enough experi- 
mental data are available to decide which value is correct. ^** For 
‘vitamin A preparations from whale livers a conversion factor , 
325 m/i, of 1200 has been recommended**^ due to the presence of consider- 
able amounts of materials such as vitamin A 3 . 

A certain amount of the observed total absorption at 325-328 mix may 
be due to carotenoids other than vitamin A, and especially to glycerides. 
This is of importance when determinations of low potency materials are 
made, whereas the error becomes negligible with preparations of high vita- 
min A potency. 

As stated before, vitamin A. and the provitamins are destroyed by ultra- 
violet light. Therefore, the determination of the absorption band is 
somewhat inexact. At very low temperatures a differentiation between the 
band of vitamin A and the irradiation product of carotene is possible.**^ 
The selective decrease of absorption at 325 m/x produced by irradiating an 
alcoholic solution of a marine fish liver oil with mercury light of 365 m/x, 
which destroys vitamin A, is said to be an accurate measure of the vita- 

E. L. Smith. B. E. Stern and F. E. Young. Nature, 141, 552 (1938). E. M. Hume and H. Chicks. 
Med. Research Council Brit. Special Kept. Series, 1935, No. 202. 

See also E. M. Hume. Nature, 139, 467 (1937). 

H. N. Holmes and R. E. Corbet. J. Am. Chem. Soc., 59, 2043 (1037). T. H. Mead, S. W. F 
Underhill and K. H. Coward, Biothem. J., 33, 580 (1039). 

»•» J. B. Wilkie. J. Assoc. Official Agr. Chem., 23, 465 (1939). 

Ml P. P. Bowden, S. D. D. Morris and C. P. Snow, Nature, 131, 582 (1933). 

MS This high factor could, for example, be caused by a hyper-activity of the U. S. Pharmacopoeia 
Reference Oil or by an Inadequate utilization of carotene (less than 50%) when the U. S. Pharmacopoeia 
Reference Oil was initially standardized. It has also been debated if the values are not exaggerated 
due to deterioration of the Standard Reference Oil. J. R. Edisbury, Analyst, 65, 484 (1940). 

J. G. Baxter and C. D. Robeson. Science, 92, 202 (1940). * 

J. R. Edisbury. Analyst 65, 484 (1940). 
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The effect on other constituents, particularly carotenoids, is, 
however, unpredictable. 

Fluorescence offers a possible method of differentiating between vita- 
mins Ai and Ai. Vitamin Ai exhibits a characteristic green fluorescence, 
vitamin Ai a reddish fluorescence.'** Upon irradiation both fluorescences 
fade. 


(c) Biological Methods 

The efficacy of vitamin A preparations is tested on jivung rats. In th^ 
prophylactic method the substance with the unknown vitamin A content is\ 
added to a vitamin A-free diet, and the growth of rats is compared with \ 
the growth rate of normally growing animals. Another method uses 
young rats which have ceased growing due to a vitamin A deficiency, but- 
gain weight after the addition of vitamin A. The results are compared 
with an International Standard preparation of /9-carotene which, as has 
been pointed out before, is converted under suitable conditions in the rat 
into an equimolecular quantity of vitamin A. The latter method is recom- 
mended by the U. vS. Pharmacopoeia. 

In addition, the appearance of a cornified epithelium in the vaginas of 
spayed rats (colpokeratosis) on a vitamin-free diet and its rapid disap- 
pearance following vitamin A feeding have been used for the determination 
of vitamin A. 

Another biological test which has been used for determining the “physio- 
logical minimum" requirement is the evaluation of the dark adaptation 
of the eye after exposure to bright light. Individuals who have a partial or 
complete deficiency of this vitamin show some degree of “night blind- 
ness. '*** 


21. Standards 

The International Standard for vitamin A was adopted by the Interna- 
tional Vitamin Conference 1934 and subsequently adopted for the United 
States I^armacopoeia. 


>• A. Chevallicr, Z. VUcminforsik.. 7. 10 (1038). N. K. Oe. ItMau J. UU. Kunrth, 34, 3 (1037). 
O. Notewaia, Biotktm. J., 20. 1327 (1083). 

•• R. Cf«eaberg aad H. Popper, Proe. Am. Physiol. Soe., 1940, 71. 

See chapter oo the viaual purple. This method wa» origiaatly described by P. C. JeaOK and J. 
Xeotmire, J. Am. A€ed. Assoc., 102» 892 (1934) and has been modified by several workers. 
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1 1. U. (Xnlematioaal Unit) » 1 U. S. P. Unit 
« 0.6 7^“ of pure 

active, dissolved in coconut oiP** with addition of 
hydroquinone 
-* 1.5-2 Sherman Units. 

1 g. of U. S. P. cod liver oil must contain at least 850 U. S. P. Units of vitamin A. 

1 g. pure carotene contains 1,670,000 I. U. 

1 g. pure vitamin A contains 4,500,000 I. U. 

1 C. L. O. Unit (Cod Liver Oil Unit) ■■ 125 y /^-carotene 

- 208 U. S. P. Units 
« 10 “Lovibond Units’* 

* 50 Lovibond Units (Wolff) 

« 550 blue units (Moore). 

1 blue unit (Moore) *■ Carr-Price value 0.0182 

- 328 niM 0.000373 

- 60 I. U. 

The ratio of 620 m/i to . 620 m/. (L— 620 him value) is 1.30 * 0.03. 

The ratio of the activity of |3-carotene and of vitamin A as rqiorted above 
has been determined under the specified conditions of the biological test. 
An equality of an International Unit of vitamin A and of carotene can be 
claimed only under those conditions and is actually quite different for the 
metabolism of a normal growing organism. To express the requirement of 
an organism, double standards must be recognized, one for carotene and 
another one for vitamin A (see also page 95). (For a discusaon of the 
various influences on vitamin A and on carotene utilization by the organism, 
see page 84.) 

At the level of a ph3rsiological optimum the ratio of efficiency of vitamin 
A to carotene by weight is about 6:1 and at a level that assures significant 
storage and successful reproduction about 10:1. 

It would be well to express the values of vitamin A potency not only in 
units but it should be required to indicate the method which was used for 
the determination, for example, U. S. Pharmacopoeia method, spectro- 
scopic method, etc. 

22. Physiology of Plants and Mictooiganisms^*** 

Plants and also microorganisms contain only provitamins A. The 
prince of vitamin A has never been demonstrated and there is ample 
“ lY - 0.001 m(. - to • g. 

m The standard of 0.6 7 d-^arotcne as one International Unit replaced the earlier standard, set. np 
in 1931. One Standard Unit was then defined by agreement to represent I mg. of carotene, m. p. 179*, 
pnqimred according to the method of Willsttttter. When it became evident that carotene is a mixture 
of varying amounts of isomeric compounds, the biological equivalent of the earlier standard, expressed 
in weight of the pure d-earotene was adopted as International Standard. 

» See also O. A. Betsey and S. B. Wolbach, J. Am, MM. Assoc.. 110, 2073 (1987). 
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evidence that plants and many microorganisms do not need this vitamin. 
Whatever the function of this vitamin may be in the animal organism, 
either plants do not need this function or they take care of it by some other 
means. On the other hand, the relatively high concentrations of carote- 
noids and especially of provitamins in plants are striking. These com- 
pounds generally appear in all growing parts of the plant and especially 
in the shoots. It thus appears that provitamins A have a very definite 
purpose in the plant organism. What this is, has, however, not been 
elucidated. It is suspected that plants need provitamins A for propOT 
growth. It has also been assumed that at least part of the action of these 
compounds is related to the efficient utilization of light by the plant! 
organism. Plants are definitely photosensitive and phototropic responses\ 
have been shown to be associated with the presence of carotenoids.'®^ \ 

23. Animal Physiology 

(a) Metabolism of Provitamins A and of Vitamins A 

Both provitamins A and vitamins A are preferably administered 
orally, although they can be applied parenterally, for example, by subcuta- 
neous or intramuscular injection. They are also efficiently absorbed 
through the skin.'®* 

Provitamins A' and vitamins A are absorbed from the intestinal tract. 
Carotenes in colloidal water solutions are efficiently utilized, for example, 
by the rat,'®® to prevent vitamin A-deficiency symptoms. Proper absorp- 
tion of vitamin A is, on the other hand, related ta the presence of fat. 
The nature of the fat or oil, which is used, for example, for dissolving the 
vitamin, determines to a certain extent the degree of utilization of the 
vitamin. The more unsaturated the oil is, the better the absorption. 
From mineral oils, vitamin A is absorbed only sparingly. The absorption 
of provitamins A and of vitamins A is furthermore linked to the presence of 
bile acids and apparently also of pancreatic lipase. In jaundice and in 
choledochocolonostomized dogs carotene is not absorbed.'®^ There is 
evidence that the absorption mechanism of birds is somewhat different in 
that these animals need some external supply of fat for proper utilization of 

w‘ E. S. Johnston. Smithsonian Inst. Pub., 92, 11 (1934). G. Wald and H. G. du Buy, Scianct, 84 . 
247 (1930). 

•M W. V Drigalski. Z. Vitaminforsch., 3, 200 (1934). H. J. Laubw and H. Rocboll, Klin. Wochsckr., 
n, 1143, 1702 (1935). 

*»» B. N. Majumdar. InH. J. Mtd. Research, 27,413 (1939). 

J. n. Greaves and C. I.. A. Schmidt, Am. J, Physiol., Ill, 492. 502 (193.^) 
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carotenes while vitamin A is apparently absorbed efficiently even when 
practically no fat is given in the diet.^®^ 

The absorption of provitamins and of vitamins A from the intestinal 
tract is a rapid process. The absorption of vitamin A in rats and in man 
reaches a maximum in three to five hours after administration, as shown by 
the disappearance from the intestinal tract and the rise of the vitamin A 
concentration in the blood. The rate of absorption of the provitamins A 
is somewhat slower and reaches its maximum at seven to eight hours after 
administration. Vitamin A esters are hydrolyzed in the gut prior to ab- 
sorption,^®’ but it seems that the vitamin is re-esterified during or soon after 
the absorption.^®* 

Both provitamins A and vitamins A are transported through the organism 
by the blood. The carotenoids are present in the blood serum while the 
erythrocytes are devoid of these compounds. They appear to be solubil- 
ized by the formation of loose protein addition compounds. There 
seems to exist a minimum normal blood level of vitamin A and perhaps also 
of provitamin A. This level is independent of the amount of stored 
vitamin or provitamin and is only temporarily increased during times of 
absorption from the intestines. In vitamin A-depleted rats, for example, 
the vitamin A content of the blood plasma is zero. During times of low 
vitamin A intake, the level in the blood is directly related to the amount 
fed. After the concentration in the serum has reached what appears to be 
an optimal level, that is, about 100 International Units per 100 cc. of 
plasma, the concentration does not increase in the blood even when ex- 
cessive amounts are given. On the other hand, no vitamin A is stored dur- 
ing low vitamin A intake while this vitamin is rapidly deposited in the 
liver ‘®® when optimal doses are administered. 

Provitamins A and vitamins A are removed from the blood by the re- 
ticulo-endothelial system. Large amounts of vitamin A are stored in the 
liver. There are no quantitative data available which would indicate 
what the minimum amount stored in the livers of any species or of man 
should be. The vitamin is present in the liver mainly in the Kupffer and 
epithelial cells, in the latter in lipoid droplets and diffusely in the cyto- 
plasm. Vitamin A is also stored to a certain extent in the adrenal cortex 


*•» W. C. Russell, M.W. Taylor, H. A. Walker and L. J. Polskin, Proc. Am, Soc. Biul. Chem., 1941 
CIX. 

S. W. Clausen, J, Am. Med. Assoc.. 101, 1384 (1933). 
vn g, L. Gray, K. Morgareidge and J. D. Cawley. Proc. Am, Soc. Biol. Chem.. 1940, XXXVll. 

J. C. Drummond, M. E. Bell and K. T. Palmer, Brit. Med. J., I, 1208 (1935). 

J. M. Lewis, O. Bodansky, K. F. Falk andG. McGuire, Proc. Soc. Exptl. Biol. Med., 46, 248 (1941). 
B. Akmad, Current Sci^, 2, 477 (1934). F. Lasch and D. Roller. Klin, Wochschr , 15, 1630 (1936;. 
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in the form of small flobtdes, in jali iaii and ^wtlte liiteitt cdis of 

the ovary. Generally, fat cells contain small amounts. Traces may ht 
found in the interstitium of the renal cortex and papilla, in the alveolar 
septum of the lungs and the intermediary part of the pituitary.*®^ 

Vitamin A is stored in the body mainly in esterified form, although small 
but definite amounts of the free vitamin are always present. The stored 
vitamin A esters are derivatives of a series of saturated and unsaturat^d 
fatty acids. Whether or not certain specific acids are preferentially 
selected by the organism for esterification purposes is not known.*®* \ 
The ability of the animal organism to store large amounts of vitamin A 
has been discussed. The rat, for example, may store in a few days enougn 
vitamin A to supply its nutritional needs for several months.*®* In the^ 
mammal this storage is very efficient after times of vitamin A depletion or 
of low vitamin A intake. The efficiency of this storage decreases, however, 
with an excess intake over the minimum physiological requirement.*®* 
On the other hand, the stored vitamin A is used rapidly when the food in- 
take is lacking in this vitamin until a certain apparently critical vitamin A 
level in the liver is reached. Thereafter, the rate of depletion is much 
slower.*®* These observations suggest that a special vitamin A utiliza- 
tion mechanism exists in the organism. Provitamins A are stored in small 
but definite amounts. Examples have been given in the section on the 
occurrence of provitamins A (see page 38). 

Vitamin A, and to a certain but considerably smaller extent also provita- 
mins A, are secreted into milk. In cow’s milk, the ratio of vitamin A to 
provitamin A varies considerably with the species, breed, nutrition, etc., 
but the total is of the same order of magnitude regardless of the breed.*®® 
The vitamin A activity of the milk is fairly constant regardless of the time 
of the day when the milk is secreted, but is to a certain extent influenced by 
the vitamin A potency of the food. Human milk is about 5 to 10 times as 
rich in vitamin A potency as cow’s milk. The colostrum of all species 
investigated contains a much higher vitamin A potency than the milk. 
In the case of humans the colostrum contains 2 to 3 times, and in the case 
of cows 10 to 100 times the amount present in milk.*®’^ Both provitamins 
and vitamins A are also secreted in eggs. A special mechanism apparently 


»» H. Popper end R. Greenberg, Proc. Am. Physiol. Sor., IMO, 146. 
m B. L. Gray. K. C. D. Hickmnn end E. P. Brown. J. Nutrition, 19, 30 (1040). 

A. W. Davies end T. Moore. Biockem. 91, 172 (1037). 
aw L. B. Booher and M. B. Porter. Proe. Am. Soe, Biol. Ckem.. 1041, XCI. 
aw A. W. Davies and T. Moore. Bioehom. J., 20, 147 (1085). 

w C. A. Baumann, H. Steenbock, W. M. Deeson and I. W. Ritpel. J. Bud. Chem., 105, 1 167 (1084). 
aw W J. Dann. Biocktm. J . 90. 1644 (1086). 
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for the passage of vitamin A through the placental wall. The vita- 
min A content of all newborn animals is low, but a vitamin A d^cienc^ 
has never been found when the mothers have had an ample stq^ly of ♦Nia 
vitamin. After birth, the vitamin A content rises rapidly and reaches t he 
normal level of the adult within a few days or weeks. 

Both provitamins and vitamins A are in general readily metabolized. 
No excretion takes place through the kidneys. In the feces a certain pro- 
portion of the ingested provitamins may be found, especially when excessive 
amounts are fed or when the absorption mechanism is hampered. 

(A) Physiological Action of Provitamins A and of Vitamins A 

The ph}rsiology of man and of animals as influenced by vitamin A must 
ultimately be traced to the mechanism of the vitamin A action. This 
mechanism is for the most part unknown. 

It has already been discussed that provitamins A are absorbed in the 
intestinal tract and to a certain extent stored in the animal organism. It 
has also been shown that provitamins A are converted in the organism into 
vitamin A. Except as precursor of vitamin A, carotenes as such are not 
known to be active in the animal economy. The possibility should, how- 
ever, not be overlooked that provitamins may act in a specific way of their 
own. Thus, it may be significant that provitamins A are stored in man and 
in animals in a number of special organs, primarily in the glands which are 
concerned with the functions of reproduction. In invertebrata, which 
are able to synthesize their own specific carotenoids,""’ *• these carotenoids 
apparently play a definite and important role in metabolic processes. It 
has also been suggested that, for example, in mussels, carotenoids may play 
some role in gametogenesis.^"* In this connection it is well to recall the 
action of various carotenoids of algae for which these compounds are 
secretion products concerned with the development of motility and with 
conjugation of the gametes.**" While these carotenoids in lower animals 
are not necessarily provitamins A, they are dosdy rdated to them. Thus, 
it seems possible that the provitamins A have an influence upon the main- 
tenance of a normal mechanism of the sex apparatus. It has, furthomore, 
been shown repeatedly that the sex organs of rats kept on a vitamin A- 
depleted diet degenerate. This may of course be explained as meaning 
that either vitamin A or provitamins A are necessary. It is, howev^, also 
possible that the sex glands do not utilize the provitamins A proper but 

E. Lederer, BiUl. soc. chim, bio/., 20» 554, 667, 611 (1938). 

« B. T. Scheer. J. Biol. Cbem., 136, 276 (1940) 

P. Moewus. Salurvissenschaften 27. 97 ( 1939). 



88 


VITAMINS A 


have a mechanism of their own for converting the provitamins into active 
compounds such as, for example, vitamin A. 

Another unsettled question of physiological importance is the problem of 
whether or not the vitamin A itself acts in the organism. It has previously 
been stated that vitamin A is stored in the liver mainly in the esterified 
form, but that some free vitamin A can always be found. Thus it is pos- 
sible that the vitamin is esterified only for the purpose of storage and it is 
probable that the vitamin acts in the free form. This question cannot 1^ 
decided definitely until the mechanism of the vitamin A action has becip 
elucidated. 

A possible clue to this mechanism may be seen in the increase of purinei 
in the growing vitamin A-depleted tissue after this vitamin has been adminis-^ 
tered.2“ Purines are necessary building units of cell nuclei. Actually all' 
primary and secondary symptoms of a vitamin A deficiency can be ex- 
plained on this basis. They all constitute cellular changes in the most 
sensitive parts of the body, such as in the respiratory mucosa, the salivary 
glands, the intestinal tract and finally in the skin in general. Thus, the 
principal role of vitamin A is to stimulate the building of cells. 

Beyond this fundamental and specific action of vitamin A a general . 
influence on the basic metabolism has also been considered. A possible 
connection with the oxidation mechanism has been suggested and was 
apparently supported by experiments which showed that the oxygen con- 
sumption of livers in the presence of iron-containing porphyrines increases 
with the amount of vitamin A present.^^* This theory has not, however, 
been further advanced and appears to be somewhat doubtful and unspecific 
in view of the fact that it has been possible to connect some of the other 
vitamins with definite stages of the oxidation-reduction mechanism of the 
living tissue. This has, however, not been possible in the case of vita- 
min A. 

Vitamin A seems to exert, however, some non-specific functions upon the 
fat and carbohydrate metabolism. The necessity of the presence of fat 
has been discussed in connection with the absorption and storage of this 
vitamin. Furthermore, during avitaminosis the amount of fat deposited 
in the organism decreases slowly, but the fat deposits are restored upon ad- 
ministration of vitamin A. Similarly the cholesterol content in the or- 
ganism decreases during times of low vitamin A intake. On the other 
hand, excess doses of vitamin A cause an appreciable increase of the 
cholesterol content in blood and in the brain. Similar relations have been 

H. V. Euler and G. Schmidt, /. physiol. Ckem., 223, 21 A (1934). 

H. V. Bttter and L. Ahlstrdm, Ibid., 204, 168 (1932). 
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found for the carbohydrate metabolism, for example, for the glycogen con- 
tent of the liver. 

Vitamin A acts, however, in the body also in some other specific way. In 
conjunction with a specific protein, vitamin A plays an essential role in the 
visual purple. This will be discussed in a special section (see below). 
Whether or not vitamin A acts in conjunction with other proteins in some 
other specific functions is not known. It has been found experimentally 
that in vitamin A deficiency a marked decrease in the concentration of blood 
serum esterase, an appreciable decrease in hepatic esterase and a marked 
increase in hepatic lipase occur.'*^® These findings need confirmation and 
should not necessarily be interpreted as indicating a relationship of 
vitamin A to specific enzyme systems. 

Vitamin A is mobilized in the organism in a very special way whenever 
a state of disease occurs. Thus the intake of ethyl alcohol by dogs^^^ or by 
human beings causes a specific mobilization of the vitamin A stored in tis- 
sues since both the blood level’^*’ and the dark adaptation test®^® indicate 
higher vitamin A concentrations than normal. In many diseases such as 
fever, etc., an increased demand for vitamin A has been demonstrated.®^^ 
The turnover of vitamin A in the liver can also be effected by injection of 
carcinogenic compounds, such as dibenzanthrene, benzopyrene and methyl- 
cholanthrene.®^® This effect is not neceSvSarily specific for vitamin A, al- 
though it appears to be. 


(c) The Visual Purple 

The energy of dim light, which strikes the eye, is transformed into nerve 
impulses by the visual purple on the outside end of the ret na. Color and 
light of high intensity are perceived by the cones of the retina. 

Rhodopsin, the visual purple, bleaches out under the influence of light 
and regenerates in the absence of light. Rhodopsin is a carotenoid- 
albumin, with an absorption maximum at 500 m/z. The prosthetic group, 
retkiene, is a carotenoid of unknown composition,®*® but related to a form 


*** B. Sure, M C. Kik and K, S. Buchanan, Proc. Soc. Exptl. Bin!. Med., 35, 209 (1936). 

•X S. W Clausen, W. S. Baum, A. B. McCoord, J. O. Ryden and B. B. Breese, Science, 91, 318 
(1940). 

‘1* S. W. Clausen, B. B. Breese, W. S. Baum, A. B. McCoord and J. O. Ryden, Ibid., 93, 21 (1941). 
»» L. B. Pett. Ibid., 92, S3 (1940). 

S. W. Clausen, J. Am. Med. Assoc., Ill, 144 (1938). 

C. A. Baumann and E. G. Foster, Pmc. Am. Soc. Biol. Chew., 1941, XII. 

»» L. S. Fridericia and E. Holm, Am. J. Physiol., 73, 03 (1925). K. Holm, Ibid., 73, 79 (1925). 
S. Hecht, A. M. Chase, S. Shlaer and C. Haig, Science, 84, 331 (1936). S. Hecht, Physiol. Rev., 17, 239 
(1937). S. Hecht, A. M. Chase and S. Shlaer, Science, 85, 567 (1937). C. Haig, S, Hecht and A. J, 
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of carotene. Under the influence of light the red color disappears and an 
unstable orange compound, “transient orange,” is formed. This changes, 
probably in a dark process, to “indicator yellow,” which appears to be a 
loose protein compound of retineie. Retinene can be extracted from the 
visual yellow witli ddcwoform, is ligroin-soluble and has an absorption 
ma xi m um at 385 m^ in diloroform (SbClt color reaction yields a maximum 
at664mM). Retinene can also be obtained from rhodopsin through add or 
alkali hydrolysis. The visual yellow breaks down further to vitamin tA 
and a spedfic protein. In the dark, a partial res 3 mthesis of rhodcq*^ 
occurs. The pigmented layers of the eye contain large amotmts of vit^> 
min A, which is used for the synthesis of rhodopsin. Vitamin A defiden^ 
therefore causes, as one of its first symptoms, a decreased ability for darld 
adaptation, since not enough vitamin A is available for the synthesis of 
rhodopsin. 

Blood stream — ♦ Protein + Vitamin A — » Rhodopsin 
t dark tt hcht 

Blood stream Degradation products <— Retinene + Protein 

+ Nerve Impulse 

i 

Nerve Transmission 

Vitamin A is replaced in fresh water fish by vitamin A*, which rqtlaces 
also the vitamin A in the visual purple, and is called porphyropsm (absorp- 
tion maximum at .525 oim).”** In some marine fish, compotmds of different 
absorption characteristics are found, which indicate the presence of addi- 
tional factors A (or mixtures of rhodopsin and porphyropsin).*** 

(d) Relation of Vitamins A to Other Vitamins, Hormones, etc. 

In the general chapter on the interrelationship between the vitamins and 
the hormones, it has been pointed out that the physiological equilibrium of 
any otganism is disturbed if one of the vitamins is not supplied regularly 
and adequately. 

Of special interest in the. case of vitamin A are the claims concerning an 
antagonism with the other fat-soluble vitamins, espedally vitamin D, 
and the anti^;onism with some of the water-soluble vitamins, especially 
vitamin C. It has been stated that a vitamin A deficiency causes mmilar 
iContinued). 
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disturbances as an excess supply of vitamin D. The vitfuiiitiS'A-<aad^,> 
howevo-, do not exert any synergistic or antagonistic action at the normal 
optinia! concentrations. The natural combinatiion (rf vitaouas A and D 
in liver oils prevents any signs of hyporvitaminosis even if given in large 
amounts due to the alleged antagonism of these vitamins, whidi in this 
case even represents a synergism. Antagonism of vitamins A and C is 
seen when both vitamins are given in excess at the same time since no vita- 
min A hypervitamiuosis develops.*** 

There is apparently a relationship between the vitamin A metabolism 
and vitamin E. During vitamin E deficiency in the rat, no vitamin A is 
stored in the liver and the amount of vitamin reserves in the liver is mark- 
edly reduced, even when ample quantities of vitamin A are administered.***" 
'Hius an acute secondary deficiency of vitamin A develops. Whether this 
is due only to the non-specific antioxidant power of vitamin E compounds 
or to a specific physiological effect is not known. 

Among the relations of vitamin A to hormones the alleged antagonism to 
the hormone of the thyroid gland, thyroxine, has been extensively studied.*** 
Toxic effects of excesses of this hormone are said to be overcome by the 
administration of large amounts of vitamin A. Rats given thyroxine were 
depleted of vitamin A much more rapidly than normal rats.*** No evi- 
dence for a specific antagonism could be obtained, however,*** but a 
temporary disturbance in the metabolic rate has been found upon adminis- 
tration of large doses of vitamin A to normal and thyroidectomized rats.**^ 
The secretion of the honrones of the anterior lobe of the pituitary gland 
seems to be related to the vitamin A metabolism since in frogs the glyco- 
genotropic hormone could be detected in the liver only after intake of vita- 
min A*** together with vitamin E. 

24. Avitaminosis and Hypovitaminosis 

llie action of vitamin A can be regarded essentially as a stimulus to the 
building of new cells. Thus vitamin A deficiency causes retarded growth. 
This 83rmptom is, however, not specific for a vitamin A deficiency. 

Specifically, ladr of vitamin A causes atrophy of the epithelium with sub- 
stitution of a stratified keratinized epitheUum for the normal epithelial 

*** A. Scheunert. Naturwisstnsehtiften ZB, 297 (1940). 

«« H. Wendt end H. Schroeder, Z. Vilaminfartck., 4, 206 (1985). 
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structure.^-® This is first observed in the respiratory mucosa. The mu- 
cosa in the mouth and the salivary glands is next affected, causing in turn a 
greater susceptibility to infections. Finally the epithelial mucosa of the 
eyes, the intestinal tract, the urethra, the kidney, etc., is degenerated. 
The epithelium of the vagina is especially sensitive to vitamin A deficiency 
causing the appearance of colpokeratosis, and of the so-called senile 
vaginitis.®®® In man a general dryness of the skin and a hyperkeratosis of 
the hair follicles are observed. The hair becomes dry and lusterleSs. 
Dermatosis, a form of keratosis or cutaneous eruption, occurs on the fore- 
arms and thighs and later practically all over the body.®®^ Gastro- 
intestinal disorders may occur®®® and stones may be formed in the bladd^ 
and in the kidney (urinary calculi).®®® In some experimental animals, fot 
example, in pigs and in rats, certain neurological lesions also were ob- 
served.®®^ 

The various eye lesions caused by vitamin A deficiency are especially 
significant. An early symptom of a hypovitaminosis is often the so-called 
night blindness (nyctalopia or functional hemeralopia).®®® At later stages 
of the deficiency a softening of the cornea, followed by perforation (kerato- 
malacia) and a dry, lusterless condition with white deposits on the scleral 
conjunctiva (nutritional xerophthalmia) occur. Vitamin A deficiency may 
also contribute to the development of myopia.®®® In pigs from sows kept 
on a vitamin A-depleted diet during pregnancy total blindness was ob- 
served and some animals had no eyes at all.®®^ Lack of vitamin A may 
cause blindness by a constriction of the optic nerve associated with a 
stenosis of the optic canal.®®® 

During times of vitamin A deficiency, the normal functioning of the re- 
productive system is hampered. In the female rat, the vaginal mucous 
membrane becomes cornified, as previously stated. There is also some 
adverse influence on the ovary, and .normal reproduction does not occur. 
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In the male rat, the testes degenerate in severe cases of A-avitaminosis. 

Vitamin A deficiency during the period of tooth development can impair 
tooth structure by causing an atrophy and metaplasia of the enamel or-* 
gan.®®® Thus a hypoplastic tooth with thin, defective enamel is formed. 
The rate of apposition of dentine is altered in vitamin A deficiency while 
the life span of the formative cells is not affected.^^® In rats the incision 
teeth lose the deep orange pigment in the enamel, which is restored upon 
administration of vitamin A.^^^ 

An early symptom of vitamin A deficiency is the decrease of the normal 
vitamin A and carotenoid level in blood. The normal level for children, 
when determined under specified conditions, is from 5.5 to 27.3 units of 
vitamin A per cc. of blood and the carotene level is from 3.1 to 75 units 
per cc. A vitamin A level of less than 3 units of vitamin A indicates avita- 
minosis and a value of less than 3 units of carotenes points to a state of 
h)rpovitaminosis.^^‘'* During avitaminosis vascular lesions in practically 
the entire arterial system have also been observed,'^"** 

The state of hypovitaminosis or avitaminosis may be caused, besides, by 
an insufficient intake of vitamin A, also by an impaired intestinal absorp- 
tion as has been found in cases of congenital obliteration of the bile ducts, 
fibrosis of the pancreas, celiac disease and others.*^^- 


{a) Clinical Test Methods 

1. The Dark Adaptation Test. Night blindness, in the absence of 
eye disease and of a hereditary tendency in that direction, may often be a 
manifestation of vitamin A deficiency . 2 ** For actual diagnosis a number 
of different adaptometers,^^” which are modified photometers, are available 
on the market. The test is carried out by one of two methods. The 
patient, after a preliminary period in the dark, is exposed to subdued light 
and the minimum amount of light that is visible is measured. Tins 
method has been found especially useful for the determination of a vitamin 
A deficiency in infants.^^® In the other method the visual purple in the 


*» S. B. Wolbach and P. R. Howe, J. Rxptl, Med., 42, 7 '>3 (1925) 

L. Schour, M. C. Smith and M. M. Hoffman. Proc. Soc. KxptL Biol. Med., 39, 447 (1038). 

J. T. Irving and M. B. Richards, Nature. 144, 908 (1939). 

C. D. May, K. D. Blackfan, J. F, McCreary and F. H. Alien, Am. J. Diseases Children. 59, lltt7 


(1040). 

*** L. Opper, Proc. Soc. Expil. Biol. Med,f 40, 449 (1039). 

*** J B Feldman, Arch. Ophthalmol., 12,81 (1934); 15, 1004 (1930); 17,048 (1937); 18,821 (1037). 
««G S Derby. ?. A. Chandler and L. L. Sloan, Arch Ophthalmol.. 3, 31 (1930). S. Hecht and 
J. Mandelbaum, J. Am. Med. Assoc., 112, 1910 (1939). S. H«ht and S. Shlaer. J. OpHcal Soc. Am., 
28 269 (1938). 

*<• C Friderichsen and C. Edmund, Am. J. Diseases Children, 53, 89, 1179 (1937). 
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retina is bleached by means of bright light, and the minimum time neces> 
aary to recover dear viakm is then determined.^^^ 

2. Determination of the Vltemiii A Content of Blood. A number of 

different methods have been developed for the determination of the vita- 
min A content of blood. Assays can be made with the serum alone since 
the blood corpuscles do not contain significant amounts of this vitamin. 
The actual determination can be carried out spectroscopically in alcohol 
solution after the blood has been treated with sodium sulfate.^^’ It bias 
also been recommended to test for vitamin A in blood by determining the 
amount of material destroyed by ultraviolet light.*^* For this puipoM 
the blood is hydrolyzed and the non-saponifiable fraction is determined 
spectroscopically for its apparent vitamin A content. Irradiation with^ 
monochromatic light of 365 tn/n causes specific changes of the absorption 
maximum of vitamin A, from which the actual amount of vitamin A pres- 
ent in the solution can be calculated. This method cannot be used, how- 
ever, if appreciable amounts of carotene are present. The best method for 
determining both vitamin A and provitamins A in blood consists in a 
combination of a spectroscopical determination with the Carr-Price color 
reaction.^®® For this purpose, blood serum is extracted with a mixture of 
ethanol and petroleum ether.^®^ The petroleum ether extract is used for a 
spectroscopical determination of the carotenoids*®* since bile pigments are 
npt extracted under the specified conditions. For practical purposes the 
total carotenoid value is considered to consist of a 50-50 mixture of /9-caro- 
tene with the inactive xanthophyll. The vitamin A content of the extract 
is then determined according to the Carr-Price technic (see page 78). 
The vitamin A content of blood can, of course, also be determined by the 
biological methods described for the determination of vitamin A. 

3. Demonstration of Keratinized Epithelial Cells. In this test, 
the presence of cornified cells in scrapings from the cornea, nose and mouth 
and in secretions from the trachea, bronchi, kidneys and vagina is in- 
vestigated by special staining methods which give the keratinized cells 
definite colei's while leaving normal cells colorless. Several reagents have 
been suggested, among which is 1% methylene blue in a 3% acetic 

L. B. P«tt» J. Lab. Clin. Med., 25, 14tt (1939). 

A. Chttvatlier and Y. Choron. Compt. rend. soc. biol., 118, 889 (1935). 

A. Chevallier. V. Choron and R. Matheron. Ibid., 127, 541 (1938). 

“•C. D. May. D. Blackfan. J. F. McCreary and F. H. Allen. Am, J. Disea>es Chiidrtn. 59, 1 107 
(194(1). 

»» S. W. CtauMn and A. B. McCoord. J. Vediatrifs, 13, 0.35 (19.38). 

W. S. Ferftmoo, Analym, 80, 880 (193.3). 
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add-water solutioii (Mallory’s stain for diphtheria bacQli) whidi dyes 
the pathological cdls deep red.*** 

4. Vitamin A Absorption Test The efScien^ of the intestinal ab- 
sorption of vitamin A is studied in this test.*** A standardized test d niw* 
of vitamin A is given by mouth and the vitamin level of the patient's blood 
is assayed before and at definite intervals after the vitamin intake. An 
averageriseof atleastSOto ISOunitsof vitamin A per cc. riiould be observed 
in horn three to five hours, otherwise a subnormal efficiency of the intestinal 
absorption is indicated. 


25. HyperTitaminoais 

No indications are known for any toxic effects of excessive doses of pro- 
vitamins A. It can be assumed that a regulatory mechanism in the body 
takes care of handling amounts of provitamin A which are in excess of the 
animal’s actual needs. 

The toxicity of pture crystalline vitamin A has not been investigated so 
far. Using vitamin A concentrates, doses in excess of 100,000 units per 
day are harmful for rats.**** *** The pathological changes observed in- 
clude retarded growth, hemorrhages, especially in the mucous mem- 
branes, and abnormal rarefaction and fragility of the bones. 

26. Vitamin A Requirements 

All mammals, birds and fish which have been investigated, utilize vita- 
min A. This does not mean, however, that all animals need this factor. 
Thus, it has been demonstrated*** that the cockroach {Blatella gemanica 
L.) needs no provitamin or vitamin A in the diet and is able to function 
normally throughout life without this vitamin. It is, ther^ore, suq>ected 
that other anitnals, such as certain insects, do not require vitamin A. 

Double requirement standards must be recognized, one for vitamin A 
and (me for carotene (provitamin A) since the International Units of caro- 
tene and of vitamin A are equal only under the specified conditions of the 
biological test, but not in the metabolism of a normal growing organism.*** 

The vitamin A requirements of adult mammals can be correlated to the 
body weight. Fairly uniform requirements have been established for 

» K. D. BImUui and S. B. WdbMb. J. PtHalrics. i, 670 (1938). 

J. Cbnney and A. B. MeCoord. Proe. Sot. BxPU. Biol. Utd., 31, 887 (1934). 

B, B. Vcddcr and C. Roaenbcrg, J. iftUrilion. 16, 37 (1938). 

** I. Ifcegaki, Z. YUamiitforseh., 7, 113 (1938). 

w R. B. Bowan and C. M. McCajr. Seitntt, 93. 291 (1940). 

•• H. R. OuBbert, C. B. Howelt and G. H. Hart, J. JVntrMutt, 19. 91 (1940). 
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man,*® horse,*® dog, *® cattle,*®* *®* sheep,*®* swine,*®* ®^* ®* rab- 
bit,*® rat*® and hedgehog.*® All show approximately the same require- 
ments, namely, 25 7 of /3-carotene (corresponding to 40 International 
Units) or 4 7 (20 International Units) of vitamin A per kilogram of body 
weight.*®’ *®^' *® These values represent the minimum for normal growth 
without showing any clinical symptoms of vitamin A deficiency, but little 
or no storage of the vitamin occurs at these levels. About three times the 
minimum amount of vitamin A (12 7 or 60 International Units) and five 
times the minimum amount of /3-carotene (125 -y or 200 Internation^ 
Units) is considered minimum for significant storage and reproduction. 
The optimum vitamin A requirement for an average adult is then about 
5000 International Units of vitamin A or 15,000 International Units g (\^ 
carotene. Increased amounts are recommended for pregnant and nursing 
women and during adolescence.*®* The allowances as recommended by the 
Food and Nutrition Board of the National Research Council are reprintecj 
on page 613. 

The vitamin A requirements of animals other than mammals are less 
well known. Birds apparently need vitamin A in an amount of the same 
order of magnitude as mammals. Growing chicks need about 95 to 125 7 
of carotene per day*®* (or about 1800 International Units of vitamin A per 
pound of feed) but for laying stock 200-500 7 of carotene have been recom- 
mended.*®* (This amount corresponds to a diet of yellow corn or to an ad- 
dition of 2,5-5% of a good grade alfalfa meal.) 

*** See the discussion by L. £. Booher, J. Am. Med, Assoc., 110, 1920 (1038). 

^ P. D. Crimm and D. M. Short. Am. J. Physiol., 118, 477 (1937). 

H. R. Guilbert and G. E. Hart, J. Nutrition, 10, 409 (1935). H. R. Guilbert, R. P. Miller and 
E. H. Hughes. Ibid., 13, 543 (1937). 

*** H. Mollguard, Biedermanns Zentr. (B. Tierernfthr.). 10, 214 (1938). 

Ma p. H. Phillips and G. Bohstedt, J. Nutrition, 15, 309 (1938). 

R. Kuhn and H. Brockmann, Klin. Woehschr., 12, 972 (1933). 

*a P. Swomalainen, Skand. Arch. Physiol., 83, 104 (1939). 

J. T. Irving and M. B. Richards, Nature. 144, 908 (1939). 

I*’ Technical Commission for the Study of Nutrition, Health Organisation of the League of Nations. 
Geneva Bulletin, 7, April, 1939. 

R. M. Sherwood and G. S. Fraps, Texas Agr, Exptl. Station Bull., M528, Sept.. 1930 

»» J. K. Williams, C. £. Lampman and D. W. Bolin, Poultry Set., 18, 268 (1939). 
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1. Nomenclattare and Sumy 

Nunu: 

Thiamin: American nomenclature.* 

Aneurin; European nomenclature.' 

Oryzanin: Japanese nomenclature.* 

Tomlin: Historical name.' 

Polyneuramin: Historical name.* 

Vitamin F: Abandoned term.* 

The antineuritic, anti-beriberi vitamin. 


Chemical name: 

4-Methyl-S-d-hydroxy-ethyl-A'- { [2-methyl-4-amino-pyrimidyl-(6) )-methyl J • 
thiazolium-chloride-hydrochloride. 


Structure:* 



Some authors prefer to write the formula of vitamin Bi as follows; 

HCl 

N=C— NH, 

CH,-C i-CHr-N< 

Uh ■ 


CHi 

^==C-CHr-CHrf5H 


k 


No aRreeinent exists as to the manner of writing the pyrimidine nucleus, except in 
purine derivatives. The preferred form is the hexagonal, to which the eye is accustomed 
and which best illustrates the conversion of vitamin Bi to thiochromc. 

‘ R. R, WiUUuns and T. D. S|nct, VUamin Bi, New York, 1938. 
i “Council on Pharmacy and Chcmiitry,** J. Am. Med. Astoc.^ 100, 052 (1087). 

• B. C. P. Janien. J9ature, 135,267 (1085). 

< U. Sutuki, T. Shimamuri and S. Odake. Biockem. Z., 43, 80 (1912). 

• C. S. Hdte. W. H. Evans, B..Moore. O. C. B. Simpson and A. Webster, Bioehem. i.,6, 284 (1012). 

• R. r,. Jones, Seienu, 68, 480 (1928). 

^ H. C. Sherman and J. H. Axtmayer, /. Biol. Ckem., 7S, 207 (1087), 

99 
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Empirical Formula: 

CjsHitON^vSCIHCI. 


Efficacy: 

1 g. » 333 .(MX) Itileruationai Units. 


2 . Chronology 


1885 Takaki* prevented the occurrence of beriberi in the Japanese navy by changii^g 
the dietary ration. i 

1893-1897 Eijkman® produced experimental polyneuritis (beriberi) in fowls by a dic\ 
consisting exclusively of polished rice and prevented the disease by dietar)^ 
means. 

1912 Funk'® cured rats with dietary polyneuritis by the administration of water ex- 
tracts of rice bran. 

1926 Jansen and Donath" isolated the vitamin in crystalline form from rice bran. 

1931 WiNDAUS, Tschesche, Ruhkopf, Laqubr and Schultz** isolated the pure vitamin 
Bi from yeast and established its empirical formula. 

1936 Williams and independently Grewe elucidated the chemical structure of vitamin 
Bj. In the same year, the synthesis of this vitamin was accomplished by . 
Williams and Cline, and by Andersag and Westphal. 

1937 Lohmann and Schuster isolated crystalline cocarboxylasc from yeast and proved 
its constitution as the pyrophosphoric ester of vitamin Bi. 


3. Occurrence 


Vitamin Bi is present in many plants. Vegetables, fruits and nuts con- 
tain small amounts; ripe peas and beans are rich sources; but vitamin Bi 
is found most prevalently in outside bran coats of grains (rice) and in yeast 
(baker’s yeast and brewer’s yeast). Generally speaking, vitamin Bj is 
present in high concentration in seeds, that is, in the nutritive material 
for the plant germ (see page l.'I3). In most leaves the concentration of 
vitamin Bi amounts to a constant value of about 25 International Units 
per 100 g., regardless of the botanical family.*® 

• K. Takolci, Sei’i-Koi Med. J., August. 188S; April. 1886; 6, 73 (1887) ; Lancet, 1906, 1. 136». 1451 . 
1520. 

• C. Bijknan, Arch. path. Anat. (.Virchow* s), 148, 523 (1897). 

» C. Funk, /. Physiol., 45, 75 (1912). 

>1 B. C. P. Jansen and W. P. Donath, Mededeel. Dienst Volksgesondheid Ntderland.-lndii, 1926 (Pt 
1), 186; Chem. Weekblad, 23, 201 (1926); Koninhl. Ahad. Wetenschappen Amsterdam, Wish. Naturh. 
Afd., as, 923 (1926). 

A. WIndaus, R. Tscfaesdie, H. Ruhkopf, F. Laquer and P. Schulte, J. physiol. Chem., 204, 123 
(1932); Nachr. Ges. Wiss. CdUingen., Math.^physih. Klasse, 1932, 207. 342. 

M. Pyke, Bioehem. J., 34, 330 (1940). 
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Some microorganisms are able to synthesize vitamin Bj. For example, 
certain bacteria exist in the intestinal tract of rats^* (especially in the colon) 
and of nursing children (especially in the great gut) that synthesize vitamin 
Bi, which is then found in the feces. Bacteria which produce vitamin Bi 
also live in the rumen of cattle, sheep, etc.^^ 

Vitamin Bi is widely distributed in the animal organism in different 
organs (liver, kidney) and in muscles (especially in the heart). “ The actual 
amount is very small and varies greatly in different species. Pork muscles, 
for example, contain about eight times as much vitamin Bi as beef mus- 
cles.” Storage of large amounts does not occur in the animal organism. 

Vitamin Bi occurs in nature as the free compound or in the form of its 
salts, as vitamin Bi-protein complex,^* as vitamin Bi-pyrophosphoric acid 
ester (cocarboxylase) and as vitamin Bi-phosphorus-protein complex 
It is suspected that other vitamin Bi-containing compounds, for example, 
the monophosphate and other esters exist in tissues. The relative amounts 
of these forms vary considerably in different sources. Milk contains pre- 
dominantly the free vitamin and the vitamin-protein complex.^® The 
first colostrum contains practically no protein complexes. * In skeletal and 
in heart muscle the amount of the free vitamin is greater than the phos- 
phorylated compound, whereas in brain and liver the cocarboxylase (and 
its protein complex) occurs predominantly.-*® 

4. Isolation 

Since vitamin Bi is water-soluble it is extracted, for example, from rice 
polish or yeast with cold water, which is brought to pH 4.5 by the addition 
of mineral acid. From the aqueous solution, the vitamin is adsorbed on 
activated fuller's earth or charcoal at pH 6.5.*^ Riboflavin, which is also 
present in the water extract, is not adsorbed under these conditions.®* 
The vitamin is then extracted from the charcoal with dilute acids or from 
the fuller's earth with dilute alkali. By these methods, however, a con- 

J. Hyg., 27, 70 (1027). 

» S. I. Bechdel. H. E. Honeywell, R. A. Dutcher and M. H. Knutsen. J. Biol. Chem., 80, 231 (1028). 

*• H. O- K. Westenbrink, Arch, nierland. physiol., 17, 5b0 (1032): 10, 116 (1032). 

C. A. Blvehjem, W. C. Sherman and A. Arnold. J. Biol. Chem., 100, XX) X (103.5). R. Hoagland. 
J. Agr, Renurch, 83, 431 (1020). 

» J. Houaton and S. K. Kon, Nnlure, 143, 558 (1030). 

» J. Houston, S. K. Kon and S. Y. Thompson. J. Soc, Chem. Ind., 58, 051 (1030). J. Houston and 
S. K. Kon. Sature, 143, 558 (1030). 

» S. Ochoa and R. A. Peters. Bioehem, J., 32, 1501 (1038). 

H. W. Kinnersley, J. R. O’Brien and R. A. Peters. Ibid., 27,232 (1033). 

**S.Ohdake,/. Agr. CArw.5oe.Jfl^a«, 10,409(1034). K. K. Williams R K Waterman and J C. 
Keresategy, J. Am. Chtm, Soc.. 56, 1187 (1034). 
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siderable amount of vitamin is lost. If, however, quinine salt solutions or 
salts of other organic bases are used, sixmt five tiaimmim 
obtained’^ (approximately 90% of the vitamitt B| originaBy present). 

Impurities can be precipitated by barium hydroxide,** benzoyl chloride in the presence 
of an excess of sodium bicarbonate,** silver nitrate in acid solution** and by many other 
reagents. The vitamin itself is precipitated by silver nitrate at pH 7.6,**' ** phospho- 
tungstic acid at pH 4.6-5.5,**- **• *• rilicotungstic acid*^* *• benzene>sulfo-chloride,** 
picrolonic acid,’** ’** ** Rufian acid,” Reinecke add,” gold chloride in aqueous so^- 
tion,**’ **• “• ’* platinum chloride in alcoholic solution,*** ”• * and mercuric chloride tin 
the presence of sodium acetate or carbonate,” (but not by mercuric sulfate in acid soltt< 
tion,”) etc. \ 

After the elution of the vitaiiiin from the adsorbent, a combination of, 
different precipitations is carried out. The vitamin Bi is thus obtained as 
the hydrochloride. Four hundred and fifty pounds of rice polish or 20(X) 
lbs. of yeast yield about 1 g. of the vitamin. For practical isolation pro- 
cedures see page 118. 

Vitamin Bi and riboflavin, which usually occur together, are separated 
by precipitation of the riboflavin from an aqueous neutral or slightly 
alkaline solution with lead acetate, whereby vitamin Bi remains in solu- ' 
tion."* " Another method is a fractional adsorption, first on char- 
coal at pH 4-5, which adsorbs all the riboflavin, and then on fuller’s earth, 
which adsorbs all the vitamin Bi.** On the other hand, vitamin Bi may 
first be adsorbed from solutions of pH 3 on silica gel^® or fuller’s earth.^* 
The riboflavin remains in solution and can be recovered from the filtrate. 

M A. Seidell. 82. d33(19Z»). 

** B. C. P. Jauaen and W. P. Dooath, Mtdtd§el, DitnU Volhsittondheid Nederland.-lndii, 1928 
(Pt. I) 186; Chem. Weekblad, 201 (1926); Koninkl, Akad, Wei§nsckmppen Amsterdam, Wisk Ve- 
lar*. A/d.. 35, 928 (1926). 

» H. W. Sannenley, J. R. O’Brien and R. A. Peters, Biochem. J., 27, 232 (1988). 

« H. W. Kinnersley and R. A. Peters. /Wd., 24, 1866 (1930). 

» B. C. P. Jansen. J. P. Wibaut. P. J. Hubers and P. W. Wtardi. Hmc. Ires, skim,, 52, 366 (1983). 

• B. C. P. Jansen, /Md., 48,984 (1929). 

• A. G. van Veen. Z, pkysM, Chem.. 208, 126 (1932). 

• A. WIndaua, Jt. Tacheaefae, H. Ruhkopf, P. Laqiier and P. SchulU, J. pkysM. Ckem,, 204, 123 
(1982); Vndbr. Gas, Wist, GdUingen, Maik,^physik, Khsss, 1932, 842. 

M S. Ohdake, Pros. Imp. Acad, (Tokyo), 7, 102 (1931); 8, 179 (1982); 10, 96 (1984). 

M A. Seiddl and M. 1. Smith, J, Am. Chem. Soc., 55, 3860 (1988). 

M B. C. Ouba, Bioekem, /., 25,931 (1981). 

M B. C. Guha and J. C. Drummond. Ibid., 23, 880 (1929). 

» B. C. P. Jansen, J. P. Wibaut, P. J. Hubers and P. W. Wlaidi, JUc, tfoo, cMm., 82, 366 (1933). 

a* B. C. P. Jansen. H. W. Kinnersley, R. A. Peters and V. Reader. Biocksm, J., 24, 1824 (1980). 

» H. Chick and M. H. Roscoe, /3td., 23,604(1929). 

M J. I.. Rosedale, Ibid., 21, 1266 (1927). 

» K. D. Greene and A. Black, /. Am. Chem. Soc., 59, 1396 (1986). 

« P. A. Levene, J, Bhl. Ckem., 79, 465 (1928); Science, 71, 668 (1980). 

W. D. Salmon. .K- B* Ouerrant and 1. M. Hays. J. BM. Ckem., 88i 91 (J928). 
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S. PropertiM 

Vitamin Bi-hydrochloride is soluble in water (1 g. in 1 oc.) and, alcohols 
(1 g. in 100 cc. of 95% alcohol or in 315 cc. absolute alcohol, or in 18 cc. of 
glycerin), but insoluble in ether, chloroform, benzene and acetone.*^ It 
is optically inactive.** Vitamin Bi-hydrochloride crystallizes from al- 
coholic aqueous solutions as the hemihydrate (cdcM’less monodinic needles), 
melting at 248-250®.** The bromide-hydrobromide hemihydrate occurs 
as rosettes of needles that melt at 229-231®. 



200 220 240 260 280 300 m/t 

Fig. 6. — Absorption spectrum of vitamin B|. (O* Winter- 
Steiner, R. R. Williams and A. E. Ruehle.) 


The melting points of various other salts arc as follows: sulfate, m. p. 
203® and 276-278®;** nitrate, m. p. 164-16.5®;** picrolonate (dimorphous), 
m. p. 165® or 229®; picrate, m. p. 208°; gold salt, m. p. 189®; ruiinate, 
m. p. 291®.** All melting points are somewhat uncertain because of at- 
tendant decomposition. The free vitamin base may be obtained from the 
chloride in amorphous form by treatment with silver oxide. On standing 
in air of average humidity vitamin Bi crystals absorb humidity in an 
amount of one mol. Vitamin Bi crystals and solutions have a slight 
yeast-like or nutty odor. 

The ultraviolet absorption spectrum of the vitamin hydrochloride shows 
two bands at a pH erf 7 (or greater) at 235 mu and 267 mu, respectivdy,** 

IS j, WsIliuDS wd J. Finktiftein, J . Am, ChtM. Soc., S9, 1062 (1037). R. R. Wil- 

luinu mud J. K. Cliiie, /Wd., »• dW). 

« H. W. Ktsiaeriley, J. R. O’Brien end R. A. Peters, Biockem, J., 20, 701 (1085). 

R. R. Wlllimma, JSrfsO. Vitamin Hormonfevsek., 1, 217 (1933). 

* O. Wiaterstciner. R. R. WittimmSf end A. B, Ruehle, /. Am* Cham, Sac*, 57* 617 (1936). 
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and only one band at pH 5.5 (or less) at 245 niM to 247 mM."' Thus, the 
absorption spectrum of vitamin Bi is a function of the hydrogen-ion con- 
centration." This behavior must be attributed to the pyrimidine com- 
ponent of the vitamin molecule. 

Vitamin Bi is quite stable in strongly acid solution. The pure vitamin 
Bi-hydrochloride in aqueous solution of pH 3.5 can be heated to 120® C. 
without any decomposition.*^ In weak acid solutions, however, the mole- 
cule decomposes. At pH 5-0, for example in a sulfite solution, vitamin Bi 
undergoes a cleavage, which will be described later, and loses its activity^ 
The same is true for sodium acetate or barium nitrite solutions.** In 
neutral and alkaline solution vitamin Bi is extremely sensitive to heat.\ 
The amount of antineuritic activity in foods, however, is destroyed only to \ 
a small degree by cooking. This may be due to the fact that the vitamin 
occurs in combined form to a greater extent than in the free form. 

Vitamin Bi is very sensitive to both oxidation and reduction. By mild 
oxidation, even by allowing an alcoholic solution to stand for several 
months, thiochrome is formed (see page 120).^® Under physiological con- 
ditions a disulfide is obtained (see page 143). By mild reduction a dihy- 
dro-compound is formed, which will be discussed later (see page 144). 

6. Chemical Constitution and Synthesis 

The empirical formula of vitamin Bj-hydrochloride is CJ 2 H 18 ON 4 SCU. 
During the attempts to isolate the vitamin, it was observed that in the 
presence of sodium sulfite the vitamin activity disappears.*** ** When the 
vitamin Bi-hydrochloride is kept at room temperature in contact with a 
solution of sodium sulfite containing sufficient excess of sulfurous acid to 
bring the solution to pH 4.8-5, the vitamin molecule undergoes fission, 
giving quantitatively a sparingly soluble acidic product, CeH^OaNsS (II), 
and a chloroform-soluble basic product, C 6 H 9 ONS (III). 

** A. Smakuta, Z. PhysioL Chtm., 230 , 231 (1934). 

R. A. Peters and I. St. Philpot, Proc. Roy. Soc. {London), BIU, 48 (1933). 

« B. R. Holiday. Biochem. J., 29, 718 (1935). 

« R. R. Williams. A. E. Ruehle and J. Finkelstcin. /. Am, Chem. Soc., $ 9 , 526 (1937). 

M p. M. Uber and P. Verbrugge. J. Biol. Chem., 134 , 273 (1940). 

*1 H. Molitor and W. L. Sampson, Afsrcib Jakresberichte, 1936. 

M R. R. Williams. ^'Chemistry of thiamin." /. Am. Med. Assoc., 110, 730 (1938). 

» H. W. Kinnersley. J. R. O’Brien and R. A. Peters. Biochem. J., 29, 701 (1935). 

R. R. Williams. J. Am. Chem. Soc., 57, 229 (1935). 

R. R. Williams. R. 15. Waterman, J. C. Keresstesy and B, R. Ruchman. Ibid., 57 , 586 ( 1935 ). 
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N— C— CH, 
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CH C~CH CH,OH 

\/ 

S 
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(a) The Pyrimidine Part 

The amino-sulfonic add II has the empirical formula C 6 H 9 O 3 N 3 S and is 
insoluble in organic solvents, sparingly soluble in water and infusible up to 
440® C. On reaction with hydrochloric add, ammonia is split out with the 
formation of an oxy-sulfonic add, thus indicating the presence of a primary 
amino-group in the amino-sulfonic acid. On heating with water at 200®, 
sulfuric acid is obtained and on fusing with alkali, sulfurous add is obtained, 
both reactions indicating the presence of a sulfonic add group. This 
group is not present in the vitamin, but is introduced during the sulfite 
cleavage. 

The presence of the pyrimidine ring was suspected by comparison with 
synthetic imidazole®® and pyrimidine®^ compounds. The ultraviolet ab- 
sorption spectrum of the cleavage product showed the characteristics of a 
4-amino-pyrimidine.®®’ ®®’ By oxidation of vitamin Bi-sulfate with 
barium permanganate or by the action of liquid ammonia®^ a diaddic base, 
C«HioN 4 (VII), was obtained, ®2 which by synthesis®* was identified as 2- 

*• A. Wtndaus, R. Tschescbe and R. Crewe. Z. physiol, Chem., 228, 27 <1928). 

K. R. WiUiama, £. R. Buchman and A. E. Ruehle, J. Am, Chem. Soc., S7, 1093 (lOS.'i). 

K. R. WilUams. ibid,, S7, 229 (1935). 

*• A. Smakttla. Z. physiol, Chem,, 230, 231 (1934). 

• F. F. Heyroth and J. R. Ixwfbourow. Bull. BosU Sci. Research, 4, 35 (1032). 

R. R. Williams, J, Am. Chem, Soc., 58, 1063 (UK36). J. K. Cline, R. R. Williams, A. E. Kuehle ami 
R. £. Waterman, IMd., 59, 530 (1937). 

•» A. Windaus. R. Tschesche and R. Crewr, Z. physiol. Chem., 237, 98 (1935). 

R. Crewe, ibid., 242 89 (19.Hti) 
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methyl-4-amino-5-amino-methyl-pyriinidine. The synthesis vnts carried 
out as follows: 


C,H|0 

CH 

eCH 

< 

NH 

:h 

\ 


/\ 

IN C— CHrNH: 

CH J ^ 

\h, 

C— CsN — 

CHr-<!: il— NH, 

y 

<!t-NH, , 

V ! 

(IV) 

(V) 

(VI) 

(VII) \ 


Acetaiuidine (IV) was reacted with ethoxy-methyleue-malonic-nitrii^e 
(V), yielding 2-methyl-4-amino-5-cyano-pyTimidine (VI), which compound 
was converted into 2-methyl-4-amino-5-amino-methyl-pyrimidine (VII) 
by catalytic hydrogenation. 

Variations of this synthesis consist in condensing acetiinido-ethyl-ether- 
hydrochloride (VIII) with amino-methylene-malonic-nitrile (IX) to give 
2-methyl-4-amino-5-cyano-pyrimidine (VI) Or acetimido-ethyl-ether- 
hydrot^oride is condensed with ammonia and ethoxy-methylene-malonk* 
nitrile (X).“ 



CH 

Hy 

CH 

/V 

OCA 

(!^ 

CHr-i: 1- 



Y 

cy\H 

(IX) 

(VI) 


(VIII) 


ROCH 
OCA + NH, + I 

c^\h 

(vni) 




(X) 


A number of different methods have been worked out for i^thesizing 2- 
methyl-4-ainino-5-bromo-niethyl-pyrimi(iine QCI), which is used in the 


M O. Hromatka, G. P. 567,S»0. 
M O. Hnmifttkft. G. P. 670.S36. 
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of vitainm Bi (see page 116). Grewe ccmverted the &-amtao- 
metl^l-compound (VII) (see abew) into the c o mapen d iBy i S tW i i 
methyl-ccnnpound (XI)." 


Y-ch,nh, 

N 

(VII) 


'Y-CH.Br 

CHr-lLjJ— NH, 

N 

(XI) 


Cline, Williams and Finkelstein obtained the compound (XI) in the fol< 
lowing way:*^ By condensing ethyl-formate (XII) and /ff-ethoxy-ethyl- 

NaOCH CH,0C*H6 

Y 

I 

COOCjH, 

(XIV) 



IMOpionate (XIII) with sodium, sodium-formyl-j8-ethoxy-ethyl-propionatc 
was obtain^ (XIV), which by condensation with acetamidine-hydro- 
chloride (XV) yidded 2-methyl-4-hydroxy-5-ethoxy-methyl-pyriraidine 
(XVI). The hydroxyl-group in 4-position was converted into the chloride 
^VII) by phosphorus-oxychloride, and finally into an amino-group 
(XVIII) by ammonia in alcohoL By the action of hydrobromic add, the 


HCOOCiH, 

(XII) 

-I- 

CH,.CH,OC,H, 

I 

COOCJI, 

(XIII) 


•• See also T. Imai and 1C. Makino. Z. fihysiol Chen*., 2$Zt 76 (1938). 

« J. K. Cline, R. R. Witliamsand J. Finkelstein. J. Am, Chem, Soc., 99, 1092 (1937). 
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ethoxy-group in the methyl in 5-position was replaced by bromine, yielding 
the 2-methyl-4-amino-5-bromo-methyl-pyrimidine-hydrobroniide (XI). 

Andersag and Westphal have chosen another route:*® By condensation 
of acetamidine with formyl-ethyl-succinate, 2-methyl-4-oxypyrimidine-5- 
ethyl-acetate is formed. The hydroxyl-group is replaced by chlorine and 
the chloro-compound on reaction with liquid ammonia yields 2-methyl-4- 
amino-pyrimidine-5-acetamide. By a Hoffmann degradation 2-meth;frl-4- 
amino-5-methyl-amino-pyrimidine is obtained nearly quantitatively, s By 
the action of nitrous add on the diamine, only the aliphatic amino-grotip is 
converted into the corresponding alcohol. Hydrobromic add treatuffint 
yidds finally the 2-methyl-4-amino-5-bromo-methyl-pyrimidine-hy(Iro- 
bromide. ■ 


HOHC CHa— COOR 

Y 

NH I 
II + COOR 
C 

CH, NHj 




CH,— 

N 


CH, 


I^\-CH,Br 


NHa-HBr 



A modification of this method consists in the condensation*® of acetami* 
dine with ethyl-cyano-sucdnate, yielding 2-methyl-4-amino-6-oxypyTimi- 
dine-5-ethyl-acetate. The hydroxyl-group in 6-position is converted into a 


ROOC CHa— COOR 

V/ 

CH 

NH I 

■f CN 


i 


— CHfCOOR 
CHr-Jl^^NH, 

N 



H. Atidefsftsaiid K. Weitphal* Ber., 70, 2085 (1287). 
« H. AnderMil snd K. Westphal, G. P. 671.787, 
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chlorine group and the chlorine is eliminated by zinc dust yielding the 2- 
methyl*4-atnino-pyrimidine-5-ethyl-acetate. Ammonia treatment yields 
then the 5-acetamide-compound of the previoudy mentioned synthesis. 

As has been mentioned before, the sulfite cleavage product of vitamin Bi 
that contains the pyrimidine ring has the formula (II). This acid was syn- 
thesized by Grewe^® from the previously described 2-methyl-4-amino-5- 
bromo-methyl-pyrimidine by heating with an acid bisulfite solution: 



By reduction with sodium in liquid ammonia, the amino-sulfonic acid (II) 
gives a base,’^ C 6 H 9 N 3 , the picrate of which proved to be identical with that 
of 2,5-dimethyl-4-ammo-pyTimidine. The latter compound was S 3 mthe- 
sized’* by condensing acetamidine and sodium-formyl-ethyl-propionate, 
transforming the obtained 2,5-dimethyl-4-hydroxy-pyrimidine into the cor- 
responding 4-chloro-compound and exchanging the chlorine with ammonia: 

NaOCH CHs 

y 

NH+ I 
II COOK 

C 

CH, NH, 

CH,--' ycl > 

N N 


CH,- 


J— OH 


POCI» 


The oxy-sulfonic add, 2-niethyl-4-hydroxyp3rrimidine-5-methyl-sulfonic 
add, mentioned before as the reaction product of hydrochloric add ■with 
the amino-sulfonic add (II), has been obtained by reacting the synthetically 
obtained 2-methyl-4-hydroxy-5-ethoxy-methyl-pyrimidine with sodium 
sulfite.''* 



» R. Crewe, Z. Chtm., 242. 8» (1926). 

” J. K. Cline, R. R. Williams, A. E. Ruehle mad R. E. Waterman, J. Am, Chttm. Sac , $9, 530 (10,37). 
n R. R. Williams, A. B. Ruehle and J. Eiahelstein, JHd., 59, 520 (1937), 
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By mild oxidation of vitamin Bi with nitric acid another pyrimidine de- 
rivative is obtained. It is an ethyl ester of the formula CTHuNt06, and 
may have the constitution of (XIX) accordini; to Grewe”' or of (XX) 
according to Williams.’* 


H ONO 

Y 



(XIX) 


p HsOCaHiHNOs 
N 

(XX) 


( 6 ) The Thiazate Part 


The other reaction product of the sulfite cleavage of vitamin Bi is the 
base C 6 H 9 ONS (III). The sulfur in this compound is, in differentiation to 
the sulfur in the pyrimidine part of the cleavage product, in the same form 
as in the vitamin. By oxidation of the base with nitric acid, the side 
chain is degradated, yielding the acid (I), which is also obtained by direct 


N— C— CHi 
nil 1:— CH,CH,OH 

Y 

(III) 


MNOt 


N— C--CH, 

1 

HC C— COOH 
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(I) 


HsN 


HC 

% 

S 


CHs 

^HBr-COOR 


nitric add oxidation of the vitamin,’* and is identical with the syntheti- 
cally ’• prepared 4 -methyl-thiazole- 5 -cari>oxylic add.’*’ •• This syn- 


A.. WiBdau»/R. Ttchesche and R. Grewe, Z. physM, Chem.» 237, 98 (1986). 

R. Grewe. /Md.. 242, 89 (1936). 
n R. R. WaUams. J. Am. Chem, Soc,, 98, 1068 (1986). 

» A. WindMt. R. Techeache and R. Grewe. Z. pkyticl. Cktm., 228, 87 (1928). 
n M. WohiiMSiii, Ann., 299, 299 (1890). 
n M. L. Tomlinson. /. Ch$m. See., 1939, 1030. 

M H. T. Clarice and S. Gorin. J. Am. Chem. Soe., 97, 1876 (1986). 

• K. k. Bochman. IMd.. 98, 1808 (1986). 
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thesis can be carried out by condensing thiofomuunide with a-bromo-aceto- 
acetic-ester. 

The presence of a thiazole ring in vitamin Bi was indicated by ultra- 
violet absorption studies* by the stability against nitric acid and the loss 
of sulfur by the action of alkaline plumbite. 

The thiazole part of the sulfite cleavage of vitamin Bi is an alcohol and 
has one carbon atom more than the acid obtained by its nitric acid oxida- 
tion. The alcohol is 4-methyl-5-i8-hydroxy-ethyl-thiazole (III). The 
presence of the hydroxyl-group was proved** by the formation of a chloride 
and a p-nitrobenzoate. Since this benzoate was found to be basic, the 
presence of a tertiary nitrogen was suspected. This was further proved 
by the formation of a quaternary salt with methyl-iodide. The primary 
nature of the alcoholic group was indicated by the result of its nitric acid 
ondation, by the optical inactivity of the alcohol and the failure of the 
iodoform test. These indications were substantiated by synthesis. The 
alcohol has been synthesized** by condensation of thioformamide with the 
chloro-ketone (II) (methyl-o-chloro-T-ethoxy-propyl-ketone) and hydroly- 
sis to the corresponding alcohol. 


NH, CO— CH, N— C— CH, 

<!;h 

^ <5r^HrCH,OC,H, V^HrCH.OC.H, 

(II) I 


N— C— CH, 

ShI:— CH,-CH rf)H 

Y 


A variety of modifications of this method are also posable. Todd and 
co-workers**' **• ** used, instead of the chloro-ethyl-ether (II), the emre- 
sponding dfioro-ethyl-acetate, the ester group of which can be saponified 
with more fadUty than the ether group. Buchman** simplified the prepa- 
ration by condensing acetoacetic add ester unth ethylene oxide to a- 
acetyl-butyro-lactone, chlorinating the lactone in a-position with sulfuryl 


•> B.-R. BiuSimbi, R. R. WitHaiiuuid I. C. Kerentesr. /• Am. Oum. Soc.. S7, 1849 (1935). ' 

** H. T. CUiIk and S. Gunn, Ibid., 57» 1876 (1986). 

•> O. Barker, F. Bergel and A. R. Todd. 136, 259 (1935); 68, 2257 (1935). 

M A. R. Todd, P. Bergd and Karim^lali, Ber., 69, 217 (1936). 

« A. R. Todd. F. Bergd, Karimullah and R. Rellcr. J. Chsm, Soc., 1937. 361. A. R. Todd. F. Bwid 
Mild A. Jacob. Ibid., 1936, 1555. 

M R. R. Bucbnian. /. Am. C5#m. Soc, 58. 1803 <1936). 
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chloride and obtaining by hydrolysis Y*chloro*Y-«cetyl-im^yl-alcohol, 
which by condensing with thioformamide yielded the 4-methyl*5-/3-hy> 
droxy-elhyl-thiazole. 
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A further simplification was made by Wenz,®^ who found that the cx-chloro- 
o-acetyl-butyro-lactone can be condensed with thioformamide directly to 
the thiazole compound: 
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Another modification, by Hromatka,” was the condensation of formamide 
with y-chloro-y-acetyl-propyl-alcohol in the presence of phosphorus- 


pentasulfide: 

CH, 

CH, 

NH 

, CO 

VI— ^ 

L 

1 PxSft 

0 + CH > 

LI 

/ 

d^H,.CH,OH 

V^HrCHiOH 


A different synthesis was announced by Andersag and Westphal.-** y- 
aceto-pn^l-acetate is brominated and the bromo-compound condensed 
with barium-thiocyanatf, forming y-thiocyano-y-aceto-propyl-acetate. 
This rearranges in add soIutitHi to the isomeric 2-hydr(«y>4-methyl*5- 

■ A. w«m, O. P. S64.78>. 

■ O. I&WMtIct. U. S. P. S.160Sft7. 

H. Aadons rad K. Wotpluf, Bo-.. 70, 2036 (1«87). 
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acetoxy-ethyl-thiazole. The hydroxyl-group in 2-poMtion is amverted 
into chlorine by phosphorus-oxychloride and the chlcnide by theans of 
zinc and acetic add is transformed into 4-methyl-5-acetoxy-eth^-thiazole, 
whidi by saponification yields 4-methyl-5-|9-hydroxy-ethyl-thiazole. 
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(r) The Connection of the Pyrimidine and the Thiazole Part 

The pyrimidine compound and the thiazole compound are connected in 
the vitamin Bi molecule by a methylene bridge. The presence of the 
methylene group was suspected by the ultraviolet absorption of the vita* 
min,*® and was proved by synthesis. The pyrimidine portion is connected 
with the carbon atom to which the sulfonic acid group is added by the sul- 
fite cleavage process. The thiazole portion is connected with the tertiary 
nitrogen atom, since in the vitamin itself the nitrogen is quaternary. This 
has been shown by the already*mentioned addition of methyl-iodide to 
the thiazole compound and by potentiometric titrations of the quaternary 
methyl-iodide compound and of the vitamin-hydrochloride®^-®^ (see Fig. 7). 

Williams states:®® * 'On titrating thiamin hydrochloride with alkali, we 
find a sharp rise when 1 mol is reached corresponding to the formation of 
the neutral or mono-acid salt, but there is no further break until a total of 

M K. MaUno and T. Imai, Z, pkysM, Ckem,, 2 $ 9 , 1 (1986). 

» H. T. Ctnrkc and S. Giirio, J. Am. Ckem. Soe., $7, 1876 (1035). 

•* T. W. B^h and L. J. Harris. No/nrc. 189, 654 (1035). 

» R. C. O. Mnggridge and A. G. Ogstcn. Bio^. J., 20, 866 (1035). A. O. Ogstcn and R. A. 
Peters. Jhid., 80, 736 (1036). 

•« R. R. Williams and A. B. Rnetite. J. Am. Ckem. Soc., 97, 1856 (1935). 

» R. R. WilKams and T. D. Spies. VHumin Bu New York. 1938. p. 163. 
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Wg. 7.— Titration of vitamin B, chloride with NaOH (o— o) and back titration with 
HCl (• — •). (R. R. 'Brants and A. E. Ruehle.) 

3 mols has been added. Apparently the addition of 1 mol of alkali liberates 
the monochloride (b). Further addition of alkali b^ns to liberate the 
strong quaternary base (c) whidi goes over rapidly into the neutral pseudo 
base or carlnnol (d). This does not occur instantaneously, as one can see 
during titration the momentary rise and subsequent slow fall of pH 
after each addition of alkali. Sudi process of the migration of hydroxyl is 
well known in cydic quaternary bases and in effect uses up hydroxyl ions. 
Nor does the pH rise even when 2 mols have been added, because quater- 
nary thiazoles such as this undergo ring-opening in alkali solution, forming 
an acidic sulfhydiyl group.** Onty after this is neutralized with a third 
mol of alkali to form (e) does the alkalinity rise diarply, indicating free 
NaOH. The reverse arrows indicate reversal of the sequence and the re- 
generation of the vitamin upon back titration. If the solution stands in 
wlValinp condition for some time, there is some permanent destruction of 
the vitamin." 

M W. H. MiiU. h. M. Ctwk and A. AaekUmum, J. Am. Chtm. See., IM, 23M (tm). 
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The final proof for the connection of both fragments is given by the total 
S3mthesis of vitamin Bi. 2-Methyl-4-amino-5-bromo-methyl-pyrimidine- 
hydrobromide upon condensation with 4»methyl-5-/8-oxy-ethyl-thiazole 
yields the vitamin Bi bromide-hydrobromide.®^' ®® 


CH CH,Br 

CHi 

/y 

nV 

chJI t + 

<!!h <1— CH, CHrf)H 


\/ 

N NH, 
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The bromide-hydrobromide can be converted into the chloride-hy- 
drochloride either by shaking with silver chloride®* or by preparing the 
sparingly soluble picrate followed by digestion with 10% hydrochloric 
acid.®® 

An improvement^®® in this method consists of condensing the hydrochlo- 
ride of the 5-hydroxymethyl-pyrimidine compound with the hydrochlo- 
ride of the thiazole compound, giving the vitamin chloride-hydrochloride 
directly. 

An entirely different method of synthesizing vitamin Bi has been ef- 
fected'®^* '®® by condensing 2-methyl-4-amino-5-thioform-amido-methyl- 
pyrimidine, which can be obtained from the 5-amino-methyl-compound by 
condensation with potassium dithio-formate or with ethyl-formate in the 
presence of phosphorus-pentasulfide, with 7-chloro(or bromo)-7-aceto- 
propyl-alcohol (or acetate or benzoate): 

n R. R. Williams and J. K. Cline. Am. Chem, Sac., 58, 1504 (1030). 

« J. K. cane, R. R. Williams and J. Pinkdstcin, Ibid,, 50, 1052 (10.37). 

« H. Andefsag and K. Westphal. Ber„ 70, 2035 (1037). 

m o. Zima, G. P. 060487. 

m A. R. Todd and P. Bcrgel. J. Ckcm. Soc., 1057, 804. 

m H. Andctsag and XL Wettphal. Bsr., 70. 2035 (1937). 
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Instead of the 7 -halogen- 7 -aceto-propyl“alcohol, also 7 , 7 -diaceto- 7 - 
halogeno-(or mercapto)-propyl-alcohol or its inner hemiacetale might be 
used.'®* 


CHi 

(Si 
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A modification of this method, which is said to give much better yields^** 
consists in the condensation of 2-methyl-4-amino-5-thioform-amido- 
methyl-pyrimidine with 2-methyl-2-alkoxy-3-chloro-tetrahydrofurane, 
whidi c«m be obtained from the previoudy described a-chloro-a-aceto- 
butyro-lactone and a primary alcohol in the presence of sulfuric add. 


»> T. M.tttk.wa mad M. OhU. U. 8. 2.184,720; IndSaa 2S,80S. 

•M M. KUagoifiui, U. S. P. 2,127,446; O. P. 676,980: F. P. 831.1ia 
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A different method of synthesizing vitamin Bi should finally be men- 
tioned. It consists in building the pyrimidine nucleus on the thiazole 
nucleus and is best described by the following series of formulas: 




ROOC CH, a CH, 


H, 


CsN 


4hA 

Y 




OH 

A 


A 


CHa Cl CH, 


CHi -C C- 'NHa 6H C-CHfCHgOH 

\/ V 


N 


HCl 


CH CHt 
N C 


CH, 


I 

c c 



NH, 

HCl 


CH C -CHrCHaOH 
S 


7. Industrial Methods of Preparation 

Vitamin Bi is manufactured tcxlay by total synthesis acc'ording to the 
methods described before. The isolation from natural sources, which is 
more expensive, is, however, still carried out technically. The latter 
method has been worked out systematically.'®* The vitamin is adsorbed 
on fuller’s earth or synthetic zeolites,'®^* '®® extracted with acid salts 

m H. Ai»)crsax and K. Westphal, F. P. 816,4.‘l2. 

iM R. D. Greene and A. Black. /. Am. Chem. Soc., 59, 1.395 (19.3.5). 

L. R. Cerecedo and D. J. Henneeay, IhiA., 59, 1917 (10.37). 

L. R. Cerecedo and F. J. KaKXitfm Ibid.. 59, 1919 (1937). 
w L. R, Cerecedo and J. j. Thornton, Ibid.. 59, 1921 (1937). 
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of cHganic rntrogen-containing bases, such as pyridine or quinine, the ad- 
ventitious matter removed by benzoyktion in soda-alkaline solution and 
chloroform extraction, followed by precipitation of the vitamin with silver 
nitrate, barium hydroxide and phosphotungstic add. Vitamin Bi is finally 
recrystallized from addified organic solvents, such as combinations of 
phenol and butyl alcohol or HCl-alcohol. From one ton of rice polishings 
5^10 g. of vitamin can be obtained by this method. 

Commercial vitamin Bi contains about 4% water which can be removed 
by drying at 100° C. or by standing in a vacuum over sulfuric add. Elixirs 
of thiamin diloride are marketed which contain a wine base. Since tannic 
add predpitates vitamin Bi, the wine is completely freed from tannic add 
by the use of freshly prepared casein or completely defatted and dealbumin- 
ized milk.‘“ 

The preparation of the vitamin Brp 3 ^ophosphate, which will be de- 
scribed later, is also commercially important. 


8. Biogenesis 


The natural precursors of vitamin Bi and the reactions leading to the 
synthesis of vitamin Bi in the plant organism are unknown. The hypothe- 
sis has been advanced^^^* that the particular tMazole part of the 
vitamin Bi molecule might arise during yeast fermentation from a-amino- 
j9-(4-methyl-thiazole-5)-propionic add (1), which could have been built up 
from methionine, acetaldehyde and ammonia, by a reaction analogous to 
the formation of fusel oil in alcoholic fermentation. Yeast has been found 
to be able to convert this amino-propionic add derivative of thiazole (I) 
into the 4-methyl-5-f/3-hydroxy-elJiyl)-thiazole (II) of vitamin Bj. 

(For the influence of light and chlorophyll upon the vitamin Bi ^thesis 
and for the site of the synthesis in higher plants see pi^ 133). 
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R. R. WillUms. R. B. Watermaa and J. C. Kcresatcsy, J, Am. Chem. Soc., Sft. U87 (1934). 

L. Grceogard, J, Am. Pharm. Astoc.^ Is 230 (1940). 

C. R. Haringtiw and R. C. C. Moggridgc, Biockem. J.. 34* 685 (1940); J. Clum. Soc., 1939, 443. 
J . Boaaar and B. R. Bucbman. Proc. KaU. Atmd. Sei. U. S., 24s 481 (1989). 
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9. TUochroine 


By oxidation, vitamin Bi is converted into thiocfarome, a yellow sub- 
stance of intense blue fluorescence. This conversion occurs also when 
alcoholic solutions of the vitamin stand at room temperature for several 
months. Very little thiochrome is formed at pH 2, but it is produced 
more rapidly as the pH approaches 7. Thiochrome can be obtained from 
vitamin Bi by oxidation with permanganate or manganese oxides at pH 
7,'^^ by oxidation of alkaline solutions of vitalnin Bi with potassium ferri- 
cyanide, by hydrogen peroxide, selenium dioxide, etc.^'* The same feub- 
stance has been isolated from yeast by Kuhn and co-workers^^’ who pro- 
posed the name thiochrome. The compound melts at 227-228® and exhibits 
absorption maxima at 358 and 375 mpL (see Fig. 8). The isolation of tmo- 
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Fig. S. — Absorption spectrum of thiochrome. (R. Kuhn 
and H. Vetter.) 


chrome has been carried out by adsorption on acid silicates, followed by 
elution and precipitation with silver nitrate. From 8100 lbs. yeast, about 
250 mg. thiochrome are obtained. Thiochrome probably does not occur 
as such in yeast, but is formed when the yeast is worked up. Sodium hy- 
drosulfite reduces thiochrome in neutral or alkaline solutions to a leuco- 
compound, which does not fluoresce. By air oxidation, thiochrome is re- 
generated. In alkaline solutions, thiochrome is sen^tive to light and the 


u« R. A. Peters, Nature, 13S, 107 (1935). 

H. W. Kinnersley, J. R. O'Brien end R. A. Peters, Bioehem. 20, 701 (1935). 
m H. W. Ktimersley, j. R. O'Brien and R. A. Peters, IbUt., 29 , 2369 (1935). 
tty G. Barger, P. Bergel and A. R. Todd, Nature, 136, 259 (1935); Her., 68, 2257 (1935). 
u* R. Rtilm and H. Vetter, Ber„ 68, 2375 (1935). 

u*R. JCuhn, T. Wagner-Jauregg, P. W. von Klaveren and H. Vetter, X. physiot, Chem., 234, 196 
(1985). 
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fluorescence disappears irreversibly. The mechanism of the dehydrogena- 
tion of vitamin Bi to thiochrome is not known with certainty. It is, 
however, very probable that at first an intermediate is formed of the fol- 
lowing formula (II) : 


CH, Cl 



CHsCHjOH 


NaOH 


CH CH. 



N-C-CH, 


HC C— CHaCHoOH 


\/\ /x/ 

N NHj HO S 
(ID 


-2H 

-HifO 


CH CHs 

/\/\ 

N C N-C-CHa 

II 1 I II 

CHr~C C C C-CHaCHjOH 

\/'\/\/ 

N N S 

(III) 

Thiochrome 


Thiochrome has been prepared synthetically in the following manner:’ 
NHs 


CHr-~C 

\h 

(IV) 

CH 


:Hr~C 


N C— CHfCOOR 

■ i 


(VI) 


OHC CH2 
'^'cOOR 

icX)R 

(V) 


CH 

N C— CHi-NH, 


:Hr-i i 


—OH 


N 


(VII) 


** A. R. Todd« F. B«rgid, H* L. Fnienkel-Conrat «nd A. Jacob, /• Clum, .Voc., 1930, 
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CH 

CH, 

CHiOH 

NH, / 

1 CO 

CHr-<l d:— OH 

C + 1 

CICH 

\/ 

NH, S \ 

N 

CHr-CHfOH 

(VIIl) 

(XI) 


CH 

N^— CH,C1 

CHr-il OH 

\/ 


N— C— CH, 

+ 

NHr-li (H-CHiCHiOH 

Y 

N 



(IX) 


(X) 


CH CH, 

/\X\ 

N C N — C— CH, 

CH,— I C; C l;-CHrCH,OH 

\/\/V 

N N S 

(in) 


Condensation of acetamidine (IV) with formyl-sucdnate (V) yielded 4- 
hydroxy-2-methyl-pyrimidine-5-ethyl-acetate fVI), from which by Curtins 
d^yadation 4-hydroxy-5-amino-niethyl-2-niethyl-pyrimidine (VII) was 
obtained. Replacement of the amino-group by hydroxyl was effected by 
means of nitrous add and the resulting 4-hydroxy-5-hydroxy-methyl-2- 
methyl-pyrimidine (VIII) on boiling with phosphorus chloride, yielded the 
chloro-compound (IX). 2-Amino-4-methyl-5-j8-hydroxy-etltyl-thiazole (X) 
was obtained by condensing methyl-a-chloro-y-hydroxy-propyl-ketone 
(XI) with thimirea. The pyrimidine and the thiazole compound form thio- 
chrome upon condensation. 

Compounds with the same ring-skeleton as thiochrome are called quino- 
chromes. 


10. T^tamin Bi-Pyrophosphate 

The biological action of vitamin Bi is partfy or mainly due to the action 
of its pyropho!q>horic add ester. Vitamin Bi apparently acts as an ac- 
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ceptor of phosphoric add, for example, from adenosin-tt^o^horic 
add.”* '\K^t |m>bably represents the reaction jn-oduct of this ester inter- 
change reacticm has been isolated*” from bottom yeast in the form of its 
crystallized hydrochloride of the formula CiiHi 90 tN 4 S>PsC 1 , and has been 
idoitified as a coenryme, cocarboxylase,*** by'^its biological acticm. The 
carboxylase system condsts of the apoemyme, which is a specific protdn, 
andthecoenzyme, the cocarboxylase, and metal ions. Of these, Mn, Mg*** 
and Fe are stimulants, whereas Zn, Ca, Ni and Co retard in small concen- 
trations (5 X 10~* to 5 X 10~* millimols in 1.7 cc. reaction mixture) and 
stimulate in higher concoitrations,*** (5 X 10~* to 2 X 10~*), but stop the 
reaction entirdy and irreversibly at still higher concentrations. Tto is 
probably quite important since most cdls contain an appreciable amount of 
Zn, whereas during times of vitamin Bt defidency a low Zn content has been 
observed.*** 

Carboxylase has been isolated from top brewer’s yeast in highly purified 
form and is a diphosphothiamin-magnesium-protdn.*** The molecular 
ratio of protein to diphosphothiamin is 1:1 and of diphosphothitunin to 
magnesium is 1:5. One mg. of this enzyme catalyzes the formation of 
12,000 microliters of carbon dioxide per hour at SO^C. and one mol of di- 
phosphothiamin catalyzes the breakdown of 840 mols of pyruvic add per 
min. at 30^ C. The metal in the enzyme acts apparently as a "cement” 
substance binding the protein to the prosthetic group. The magnesium 
can be replaced by all bivalent metals tested but not by monovalent or tri- 
valent cations. Carboxylase is a firmly bound conjugated protdd in 
high salt concentrations, but dissociates considerably in dilute salt ralutions 
or in alkaline (for example, ammonium-sulfate) solutions. 

Chemical investigation of the crystallized water-soluble cocarboxylase 
(m. p. 242-244° C.) proved its constitution as the p 3 rrophosphoric-add-ester 
of vitamin Bi of the following formula: 


CHi 



N 


CHiQ 

N-C-CH( 0 O 

(m Ah 

HCl 


T. W. Birdiuid L. W. S 9 iwr§, 138*27 (1986). 

in K. LohaMan and P. Sdtttft«r« Nuturwi$Hnukttfi9n, 25*26 (1987); Anu^. CA«fii.,5Q* 221 (1987). 
m B. Attliafcii. Z:fky9M. C3tM.*20«* 169 (1932). 
in K. Uhmanm tmd P. Sduti8«r, Z., 294| 188 (1987>. 

in C. tolmMumand A. J. WomA, HalmrmiMi$n9ek4ifkn» 27^695 (1989). 
m W. O. JB. SgfHiMi. BtoiOtm, 33* 408 (198IM* 

in D. B. Gnea. D. U«rb«vt aad V. 8iibnilimaa7«a.7. JNof. Clmm., U5* 796 (1940); 138. 827 (194 J). 
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By enzymatic depliosphorylation with prostata'^hosphatase or with a 
phosphatase which is liberated from yeast cells during free vita- 

min Bi is obtained. Only one molecule of phosphoric add is hydrolyzed 
by the action of alkaline kidney-phosphatase***' *** or by add hydrolyds. 
The second mol of phosphoric add is much more difficult to hjrdndsrze. 
Ndther the monophosp^ric add obtained nor vitamin Bi shows cocar- 
boxylase action. 

The chemical reactions of cocarboxylase resemble dosdy those of the 
free vitamin Bi. By slight oxidation, a blue fluorescent compound of the 
thiochrome type is obtained. By the action of sulfite, the molecule is splitj 
as described for the vitamin itself, into the pyrimidine part CeH^NsS an 
the diphosphorylated thiazole compound. 



Fig. 9. — Absorption spectrum of vitamin Bi- 
pyrophosphate (cocarboxylase). (H. Rudy in 
W. Stepp, Emdhrunislekre.) 


Vitamin Bi-pyrophosphate in aqueous solution forms an inner salt con- 
necting the amino-group of the pyrimidine part with one of the hydroxyl 
groups of the phosphoric add part. The absorption spectrum of vitamin 
Bi-pyrophosp^te (see Pig. 9) resembles closely that of the free vitamin. 

The ^thesis of cocarboxylase has been acffieved by enzymatic and by 
chemical methods. Phosplmtase*** of the duodenal mucosa of the pig, 
dried brewer’s yeast and living yeast*** were successfully employed as 
enzymatic agents for the phosphorylation of vitamin Bi in the presence ot 

M D. MebOek aad H. Field, BM. Oum., 127, 531 (1939). 

>* K. Lohmenii end F. Scliuiter, Siotium. Z., 295, US (1937). 

ut H. Tauber, J. BM. Ckem., 123, 499 (1938). 

u>H. Tauber, Srieacr. 85,180 (1987); BaejwMloiia, 2, 171 (1M7); /. BM. C*nu., 123,499 (1988). 

Ml K. W: XUaereler aad It. A. Petere, J. Sae. Cham. iad.. 86,447 (1987); BMum. 32, 887 (1938). 
if.. A. tlpaehita,VaulLFottcraUdC A.Bivtid*<u. BiaclUm. J., It, 474 UVUh 
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liexose-diphospbate and adanine-triphospfaate.”* Phos^ioj^ycaic add 
and pbo^hqiyravic*** add can also act as phosphate donator in the pres- 
ence cat]a:^c amounts of adaiylic add or adenyl-pyrophosphate.^** 
Cocarbox]dase is also enzymatically prepared from vitamin Bi-monoidios- 
phate, which q>parently is first hydrolyzed to the non-pho^horylated 
vitamin.*" All these mzymatic processes ocdir only in the presence of the 
apocarboxylase, the specific protdn of the carboxylase, and are stopped 
when the protdn is partly or fully saturated.*"- *“ Therefore no pr^>ara- 
tive use can be made of the enzymatic synthesis of cocarboxylase. Co- 
carboxylase has also been obtain^ from vitamin Bj by bacterial Athens, 
using PropUmihactmum pentosaceum.^" 

Chemically, cocatbox^ase was synthesized firom vitamin Bi in low yidds 
by the action of phosphorus-ox]rchloride,**' with better yidds by condensa- 
tion with so(fium-pyrophosphate in the presence of phosphoric add*** 
or by the use of pyrophosptoryl-diloride.*** Another method oondsts in 
the conversion of vitamin B] (I) into the bromo-vitamin (II) by the action 
of hydrobromic add. The bromo-compound in turn is reacted with a solu- 
tion of silver pyrophosphate in pyrophosphoric add to 3ridd the cocarbox- 
ylase (III).*** For the purification of the ^nthesized cocarboxylase chlo- 
ride a predpitation with phosphotungstic add has been recommended and 
final crystallization is achieved from alcoholic HCl.*** 


CHa Cl 


N— C— CH, 


CH.-V-NH. tHi-CHa-CHaOH CH.J 


CHa Br 

-l|^— NH, |.jj cHa-CHaB 


HBr 'Y' 


CHa Br 

C-CH, () O 

^***^V/ CHa CHa O- P- 0 — 1 - OH 

n \y II 

S OH OH 

(HI) 


H. V. Buler and K. Vesttn, NaiurwissensekafUn, 25» 416 (1937). 

<•4 M. A. Upton and C. A. Blvehjem« Cold S^ng Sarbar Sym^sia on Queni, BtoL, 7 (1069) ; NMw€, 
14Ss 226 (1040). 

K. WeH-Matherba. 7. Soe, Chem. ind,, 5S, 1031 (19301. 

M. Stlverman and C. H. Werkman, Soc. BxpU Biol. Med., 40, 369 (1930). 

K. Q.Bteni and J. W. Holer. Enwymologia, b, 83 (1937). 

^ J. Weijlatd apd H. Tauber. /. Am. Ckem. Soo., 60» 780. 2263 (1038). 

144 K* tobttiaon. quoted in C. Oppenbeloier and K. G. Stem. BiohgjM Oxidalhn, New York. 1980. 
p. 207. 

<41 M. Weil^MallMrhe. /. Soc. Cktm. /ad.. SO, 1021 (1089); Biochem. 34, 080 (1040). 

*44 J. WeiJIard. jr. Am. Chm. Soc., OS, 1160 (1941). 
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Cocarboxylase as well as the vitamin-monopho^hate have the bkdogkal 
activity of the vitamin Bi.*** 

The chemistry of the apocarboxylase, the protein part of the carboxylase, 
is not known. The molecular weight is about 150,000.*** 

1 1. Specificity of the Vitamin Bi Action 

The vitamin action of Antamin Bi seems to be connected with the qiedfic 
structure of the molecule. The different vitamin salts, as tlie hydrochlo- 
ride, hydrobromide,*** sulfate, etc., and the pyrophosphoric add ester, co- 
carboxylase, have a corresponding activity. The vitamin Bi-disulfide (I) 
is also as active as the vitamin. 



Structural alterations, however, cause disappearance of the vitamin action. 
Inactive are thiochrome,‘«- ‘** the oxychlorothiamin*** (II) and the prod- 
ucts obtained from the sulfite cleavage of the vitamin.***- **» Dihydro- 



N— C-CH, 

hI; c— ch,ch,oh 

N s 

(ri) 


vitamin Bj is also inactive, but the dihydro-cocarboxylase was found to be 
acti ve.*** P olyneuritis in pigeons may, however, be cured**' by 4-amino- 


K. Lohmann and P. Schuster. Biochtm. Z,, 294, 188 (1087). 

.'!! ^ ®**™’ *<*»**«* New York, 1989, p. 208. 

a. R. WilUeiiuuidl. K. Cliiie,7. An. Ck<m. Sot., S8^ 1804 (1936). 

I. »■ ** Todd,flre(,w,, 136.289 (1985); Sw.. 68, 2267 (193.6). 

*<• R. Kuhn and U. Vetter* Btr„ d8» 2876 (1935)« 

Z I S’ W. *M* (IMS). 

R. R. Williams* /6fd., 57, 229 (1086). 

wc *^“?^****^ •>»« B. R. B«clilM».rW 4 .. S7, 830 (1988). 

Ill m f -■ OxUaUoH, New Yorit. 1989. p. 204. 

at IIM7) ^ *•**'**'- ^ ° •“•*-». RichKdnm. fte*. Nil. AtU Sti. V. S.. U. 
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2-nieth^-5-brom<>>inetliyl>pyritnkline and 4-meihyl-5-/S-hydiroxy-ethyl- 
tMazoIe if given simultaneously. (A synthesis of vitamin Bj probably 
occurs from the intermediates.) 

A great number of compounds have been prepared synthetically*** with 
slight differences in the vitamin structure. Only one (III) has been found 
active and that one only in much larger doses.*** 

CHi 


C CH, 


N C N- C— CH, 

i!: i-NH, hI: CHrCHiOH 

Y Y 

(HI) 


The pyrimidine ring, the thiazole ring and the methylene bridge between 
them, an unsubstituted amino-group in 4-position of t^ p}rrimidine ring,*** 
the 5-hydroxy-alkyl-group*** and a free 2-position in the thiazole nucleus 
are all necessary for the vitamin action. It is also probable that the nature 
of the substituents in position 6 influences the vitamin activity.'** 

So far as is known only one substance with vitamin Bi properties occtun 
naturally. Growth action of Phycotnytes is, however, also obtained by the 
2-ethyl- instead of the 2-methyl-derivative.*** Hetero-vitamin Bi (IV), 
containing instead* of the thiazole ring a pyridine ring, has an activity of 
about */m of that of vitamin Bi.*** 



The next lower homolog (V), devoid oi the methyl group in the p 3 rridine ring, 
is only '/u ns active as flbe methylated product.*** 


>M F. BwfU and A. K. Todd, J. Clum, So€., 1M7. MM. 

» a. AndtfMW ud K. WMt^l, S«r., 70, S0S6 (10S7). 

F. BortU aad A. &. Tadd. J. Cktm. See., 140, ISM (1087). 
w D. rrie« aad F. D. Ptefcd. J. Am. Ckm. Sec., OS, 1067 (IMl). 

M W. J. ftobUna aod F. Kavu»gh. Free. NeU. Aeei. Set. V.S., 84. 230 (1088). 

» F. C. SdinMMM*, Seienee, 00, 118 (1030). F. C. SduBcHcet and R. K. Joiacr, J. Am. Chtm. See.. 
•ta 2568 (1088). P. Baumgurtta and A. Uornow. Bcr., 78i 44 (1040). 
w A. Donum. 73. 156 (1040). 
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It may be noted that substances of the cyclo-penUno-pcrhydro-phenanthrene type 
(for example* male and female sex hormones^ vitamin D) have been reported **• as de- 
laying the vitamin Bi -avitaminosis (polyneuritic symptoms in pigeons). These re- 
sults, however, need confirmation. 


12. Determination 

(a) Chemical Methods 

A number of color reactions have been proposed for the determination of 
vitamin Bi. Reliable quantitative results can be obtained with the first 
three procedures when carefully controlled conditions are observed. 

1. Formaldehyde-azo-test of Kinnersley and Peters. Diazo- 
benzene-sulfuric acid in carbonate-containing sodium hydroxide solution 
gives with vitamin Bi and formaldehyde a red color. Since this reaction 
attacks the 4-amino-group of the pyrimidine nucleus, it is obvious that a 
deaminated vitamin or thiochrome does not give this reaction. Therefore, 
this reaction is quite valuable for the determination of the natural vitamin. 
Synthetic compounds of similar structure give the same reaction. Sub- 
stituents in the thiazolium nucleus influence the reaction. This method 
of vitamin Bi determination is applicable to rather highly purified solutions 
only. The presence of reducing substances interferes with the color de- 
velopment. The use of acetone in place of vitamin Bt also gives the same 
color with the reagents of this test-method.^®* 

2. Thiochrome Test by Jansen. Vitamin Bi in aqueous solution is 

oxidized by means of potassium ferricyanate to thiochrome, the fluores- 
cence of which is determined photoelectrically after extraction of the thio- 
chrome with isobutanol.^®®* ^®®* The oxidation is carried out at 

pH 10. The intensity of the fluorescence is a function of the alkalinity of 
the solution and of the amount of thiochrome present. Excess potassium 
ferricyanide destroys the formed thiochrome rapidly. Irradiation also 
destroys the thiochrome. 

»» J, Sanchez-Rodriguet and J. M, Sarda, Z. VUaminforsch., 6, 198 (1937). 

w H. W. Kinnersley and R. A. Peters, Biochtm, 88, 667 (1934), Ibid., 32, 1516 (1938). 

F. Bergel and A. R. Todd, J. Soc., 1937, 1504. 

*« C. R. Addinall. The Story of Vitamin Bu Merck & Co., 1937, p. 18. 

G. Barger, F. Bergel and A. R. Todd, Nature, 136, 259 (1935) ; Her., 68, 2257 (1985), 

B. C. F. Jansen. JUe. trav. chim., 5S, 1046 (1936). H. O. K. Westcnbrink and J. Goudsmit, Ibid., 
56, 808 (1987). P. Karrer and U. Kubli, Beh. Chim. Acta, 20, 369 (1937). F. Widenbauer, O, Httba 
and G. Becker, Z. ger. expU. Med., 101, 178 (1987). J. Goudenlt and H. G, K. Westenbrink. Naim, 
139, 1108 (1937). K. Ritsert, Deut. med. Wochsckr., 64, 481 (1938). fl. Otlo and K. RObmckorh, 
Klin. Woehsclur., 17, 1246 (1988). 

H. G. K. Westenbrink and J, C#oudsniit. Nature, 142, 150 (1088). 

^ O. M. Hills, Biockem. J., 33, 1906 (1939). 

^ K. G. Booth, J. Soc. Chem. Ind., 59, 181 (1940). 
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The results (Stained with this method are in fair agreement witil those 
obtained bjr the Uological bradyeardia method. It must, however, be 
not«l that (mly the free vitamin Bi is determined by this method, ^race 
only the free thiodirome can be extracted with organic solvents. This 
difficulty can be overcome by digesting the sample with pep»n foUowed 1^ 
digestion with taka-diastase.*** Ambiginty arises sometimes through col- 
ored fluorescence of other compounds wUch obscures the effect of thio- 
chrome.*** 

3. Colorimetric Method by Prebhida and McCollum.*** Diazotized 
p-amiiio-acetanilide, p-amiuo-acetophenoiie, or metiiyl-p-amino-aceto- 
phenone gives with vitamin Bi red dyes, specific for this vitamin, which can 
be extracted with organic solvents such as xylene, acetone, isobutanol, etc. 
The sensitivity of this reaction is increased by the presence of phenol or 
ethyl-alcohol, or preferably, both.*** Wlllstaedt*** suggests the use of 2,4- 
dicMoro-benzene-diazonium-chloride, extraction of the formed yellow-red 
dye with ether and separation from by-products by ads(»ption on calcium 
hydroxide. This method has been modified by running the anal 3 rsis with 
diazotized sulfanilic add with and without the presence of potasdum ferri- 
cyanide. Since vitamin Bi does not give a color under these conditions 
but other amino-compounds which may accompany the vitamin do give 
colors, the difference between the color values gives a measure of the 
amount of vitamin Bi present.*** 

The results of these methods compare favorably with the bioassay values. 
Vitamin C interferes with the devdopment of t^ color,*** unless it is first 
oxidized, for example, by titrating with iodine or by the addition of 
caldum ions.*** The phosphorylated forms of vitamin Bi g^ve the 
color but the dye formed cannot be extracted by organic solvents sudi as 
xylene.*** 

4. Gravimetric Method by Naiman.*** This method is based on the 
production of an otange-red predpitate of vitamin Bi vrith bismuth potas- 
sium iodide. 

w M. Pfke, J. Soe. Cktm. Ini. S8, Tntu., 888 (1989). 

M. Pjrke, /. Sot. Cktm. Ini., S8, 1081 (1989). 

>» H. J. VnbhMb ud B. V. MeCalium, Stintt, 89, 488 (1938) ; /. BM. Cktm., 187. 495 (1089). D. 
Mdaka tad H. Mdd. jr. BM. Cktm., 137, 808. 818 (1089). 

»> D. Mdtdca tad B. BMd, J. BM, Cktm., 137, 818 (1989). 

»< B. WOMaadt, Ntinrmititiaektfttn, 38, 083 (1987). 

n> V. Mttiaitr aad C. P. Waaeiida, Ctmpt. rtni., 308, 768 (1089). 

»• A. D. BauMtt, G. tad R. A. Browa, J. BM. Cktm., 188. 181 (1940). 
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5. Metiiod of Spruyt'^* Vitamin Bi is separated as the plioqdio- 
tungstate and reduced with nascent hydrogen. The resulting brown 
color is bdieved to be proportional to the amount of vitamin Bi {nesmt. 

6. Raybin Reaction.’” Vitamin Bi in a borax solution of pH 9.6 
forms with 2,6-dibromo-quinone-chloroimide an orange color whidi 
gradually decreases in intensity. The color formed can be extracted with 
chloroform and measured in a photometer. 

7. Tauber Reaction.’** Vitamin Bi and p-dimethyl-amino-benzalde- 
hyde in the presence of acetic acid produce upon evaporation of the acid 
and addition of fresh add an intense brick-red color. This reaction 
should not be carried out in the presence of proteins or amino-adds which 
interfere. 

Vitamin B\ in the presence of vitamin Bi-pyrophosphate can be determined 
by dther the thiochrome method (thioduome-pyrophosphate cannot be 
extracted from an alkaline solution with isobutanol) or by condensation 
with diazo-compounds according to lYebluda and McCollum. Vitamin 
Bi-pyrophosphate gives the same color reactions as does vitamin Bi. The 
color devdq>ed cannot, however, be extracted by organic solvents. For 
the determination of the total vitamin Bi present, the material might be 
hydrolyzed enzymatically, followed by the determination of the then free 
vitamin Bi.’*’- **’ 


(6) Biological Methods 

More accurate than any of the described chemical methods for the deter- 
mination of vitamin Bi are the biological methods. Either birds, espe- 
dally the pigeon, os rats are used. 

The curative pigeon test by Einnerd^, Peters and Reader uses the dis- 
appearance of tonic spasms and oonvulstons.”* Also a prophylactic 
jdgeon test has been worked out. Rats are recommended by ^ U. S. 
Pharmacopoeia as test animals in the curative method.”*' Vitamin Bi 
deficiency in rats causes convulsions and paralyds of the lower extremities 


m J. r. Spruyt. Chem. WtdMad. 37, S98 (1980). H. W. Aetoa, a (UHuh and A. Dntt. lad. J. Mti. 
Jtciwfck, 1018, 108. 

»• H. W. BayUn, Seltiut, 88, 88 (1888). 
m K. Tuber, tHi., SS. 804 (1087). 

H. O. E. Wtstubriak ud B. C. P. Jmu, Acte Brftw Httrlmd. fkytUt. fharm t e t l , UierMat., 
8, 110 (1088). H. W. XbuMnley ud R. A. FeUn, Bfothtm. J., 2M, 687 (1084); 88, 8888 (lOSQ; 88, 
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whicfaarecuredby the administratton of the vitamin. The rat-growth test 
involves the determination of the minimum amount of the mtatnin re- 
quired for growth and maintenance. The electrocardiographic “brady- 
cardia” test according to Birch and Harris is based on the dedine of the 
heart rate of rats during avitaminosis'*' and its cure by the administration 
of the vitamin. Vitamin Bi may also be determined with chicks by a 
method'" in which the degree of postponement of fatal polyneuritic symp- 
toms afforded by the test material is compared with that afforded by vari- 
ous levels of synthetic thiamin-chloride-hydrochloride. Another method, 
using chicks as assay animals, determines the rate of growth produced by 
vitamin Bj.*** 


(c) Biochemical Methods 

1. The “Catatorulm*'^*’* test'" which is often used measures in vitro 
the uptake of oxygen by brain tissue from avitaminotic pigeons. Addi- 
tion of vitamin Bj increases proportionately the amount of oxygen con- 
sumed. 

2. Yeast Fermentation Test. The stimulating effect of vitamin Bi 
on alcoholic fermentation has bear devel(q>ed into a quantitative test. '** 
As little as 1 7 may be detected ('/> International Unit). 

3 . Mold Growth Method. \K^thin certain limits, the gn)wth of the 
mold Phycomyces blahesleanus is proportional to the concentration of vita- 
min Bi present in a synthetic nutritive medium, and has been used for the 
determination of vitamin Bi in blood; 0.01 y can be detected accordit^ to 
this procedure.'" A modification of this method'" measures the increase 
of carbon dioxide formed by the addition of vitamin Bi to growing Pky- 
comyces (sensitivity : 0.1 7). 

4 . Cocarboi^dase can be determined quantitatively by the amount 
of COf produced by decarbox3rlation of pyruvic add by yeast, which has 
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been freed from cocarboxylase, in the presence of maximum amounts of 
vitamin 


13. Standards 

One International Unit vitamin Bi « 3 7 of vitamin B^hydrochloride, 
colorless monodinic plates m. p. 246-247^ (decomp.) » 1 U. S. Pharma- 
copoeia Unit* 

This unit replaces the earlier one of ld34. according to which 10 mg. of a special adsor- 
bate of vitamin Bi on fuller’s earth represented 1 International Unit. The new Unit is 
the biological equivalent of the old Unit. The adsorption product, which represented 
the old standard, was prepared as follows: 100 kg. rice polishings are extracted with 
water, sufficient sulfuric acid being added to obtain a pH of 4.5. Salicylic acid (0.2%) 
and toluene are added to prevent bactericidal decomposition. After two days’ extrac- 
tion. the solution is filtered and shaken for 24 hours with especially adsorptive fuller’s 
earth. After filtration, the fuller’s earth is dried. 

In order to standardize vitamin Bi preparations of unknown activity, the 
U. S. Pharmacopoeia recommends the rat curative method (see above). 

1 I. U. vitamin Bi corresponds about to:**’ 0.5 Smith Curative Unit.*** 2.0 Chase- 
Sherman Units, 1,0 Roscoe Unit,*®** and 20.0 Milligram Equivalents (Cowgill) 
Units other than I. U. should no longer be used. Actually it is impossible to translate 
one unit system into another by factors or by mathematical computation. The above 
figures arc given only as a guide to indicate the approximate order of magnitude for the 
purpose of facilitating the reading of some of the original literature. 

14. Phjrsiology of Plants and Microorganisms”* 

'rbianiin is a vitamin with respect to animal nutrition. Its occuiTen<% in 
plants and microorganisms has raised the question as to the phyaological 
significance of this compound in plants and microorganisms. This ques- 
tion can partly be answered. Vitamin Bi is a true growth-promoting sub- 
stance for such organisms and is needed in small amounts for normal de- 
velqiment. 

Plants and microorganisms can be dashed into two groups, namely, 
those which need an external supply of the growth-promoting substance 

M s. OehM «tid R. A. Piters, Biothein, J., 32, 1601 (1938). 

M B. P. Cook, J. Am. PJterm. Assoc*, 28, 267 (1039). 
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Colofflbii, 1923. R. C. Shcnoui mad S. U Sadtk, The VHumins* Ckeadeid Cetmlog Co., 1982. 
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said those Nhich are able to sjmtbesize it. Among the lower plants and 
microcnganisms which have the power of synthesizing vitunin Bi ate 3reasts, 
bacteria, funp, etc. . Special examples are Aspergittus niger, Ag/aricus cam- 
pestris, Absidia glawa, Bacianum coUt Bacittus pyocyaneus, Chiamydemmas, 
Chlorogoniutn and Palytoma obtusutn (see also page 101). Since many of 
these (HTganisms contain no chlorophyn, it^ mi^ be conduded that chloro- 
phyll is not an essential factor for the synthesis of the vitamin. It seems 
significant, however, that plants (peas) raised in the dark contain very 
little thiamin, whereas the content of this compound in plants increases 
rapidly in light.*** All higher plants are able to synthesize thiamin. It 
has been demonstrated, for example, for tomatoes, that the vitomin is syn- 
thesized in the shoots. In leaves the concentration of vitamin Bi amounts 
to a constant value of about 25 International Units per 100 g. regardless of 
the botanical family.*** Roots do not have the power of ^thesizing 
vitamin Bi; howevo*, they need thiamin for continued cell division in the 
embryonic region. Vitamin Bi is essential for the growth of all species of 
roots investigated.*** Thus, thiamin appears to be a true plant hormone. 
On the other hand, tomato roots are able to synthesize the pyrimidine por- 
tion of thiamin, but require an external supply of the thiazole part. (Ex- 
periments done with excised tomato roots.) Pea roots require an external 
supply of both parts.*** Vitamin Bi is stored in seeds and more spedficalfy 
in the outer integuments. 

Some plant q>ecies (for example, cosmos, camellia, etc.) are said to grow 
more luxuriantly when the roots obtain, besides the self-syntoesized vitamin 
Bi, some of this vitamin from an outside source; Under very carefully ccm- 
ducted experiments it has not, however, been possible to detect any bene- 
ficial effects from added vitamin Bi when plants were raised from their 
seeds.*** It has been shown that in cuttings and after transplanting, 
vitamin Bi promotes root growth.*** 

Higher plants not only i^therize vitamin Bt but excrete it through the 
roots. Therefore the soil in the immediate vicinity of plant roots stqpports 
a much higher micrblual population than that existii^ outride the plant’s 

M J, Bonner add J. Oreene* Bolan. Gam, 100,230 (1088). 

M. Bhchtm. H, 880 (1040). 
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zone of influence.*** A great number of bacteria, yeasts and fungi*** are 
known to require an external supply of thiamin, for example, Sktpkylocoecus 
aureus Pkycomyces blakesleanus*^* and PolytmneUa caeca.*^* Most of 
them are parasites, some are saproph 3 rtes. Some organisms which need 
an external supply of thiamin are able to ^thesize it from the thiazole 
and the pyrimidine intermediate, for example, Pkycomyces blakesleanus. 
Phytoph^oras, on the other hand, is unable to do so and resembles a Ugher 
animal in this respect. 

A few organisms are known to be able to synthesize only one part of the 
thiamin molecule, either the pyrimidine part, for example, PolyUma 
caudatum and Chiiotnonas paratnaecium!*^^ or the thiazole part. These 
organisms, however, can combine the portion S3mthesized with the portion 
detained from outside, when properly admim'stered. 

The mechanism of the action of thiamin in plants is not known. It is, 
however, reasonable to assume that thiamin functions similarly in plants 
as it does ixv animals (see page 135). 

It should finally be noted that vitamin B] also promotes alcoholic fer- 
mentation by yeast,*** which effect can be used lot the determination of the 
vitamin (see page 131). The growth of acetic add bacteria is also stimu- 
lated by the vitamin.*** 


15. Animal Phytdology 

(a) Metabolism of Vitamin Bi 

Vitamin Bi is completely absorbed in the small gut and partly secreted in 
the gastric juice probably by means of diffusion.*** It has already been 
mentioned that vitamin Bi is not stored in the organism, but.rdativdy 
higher concentrations are found in the liver, kidn^, heart, muscles and 
brain.*** The amount actually present is enough to maintain {woper life 
<Hily for a few days. A jiaily intake <rf vitamin Bi is, therefore, necessary. 
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The orgaatsm absoihs ooly as modi vitamin Bi as is needed for the time 
bdng. All excess is excreted and to a small extent ^stroyed. Even 
intramuscular injection causes immediate excretion in the urine. A vita- 
min 6i deficiency can be detected from the amount of vitamin excreted in 
the urine: a nonnal person should excrete 2&-B0 International Units per 
day. Vitamin Bi is also secreted in milk and eggs. 

Vitamin Bi is present in the organism both in the free and esterified form^. 
The pyrophosphoric add ester has been identified as cocarboxylase. The 
presence of vitamin Bi-monophospbate in the animal organism is suspected. 
Both vitamin Bi and cocarbosylase occur also in combination with pro- 
teins.*** 

The vitamin Bi may be absorbed in the intestines in the free or in the 
phosphcM’ylated form. Phosphatase from the duodenum (pigs) can phos- 
phorylate vitamin Bi tn vitro.*" But it seems that vitamin Bi circulates 
in blood plasma and in cerebros^nal fluid**' in the free form (concentration 
about 1 7 per 100 cc.) which diffuses readily and passes into tissue fluid, 
cerebrostMtul fluid, urine and cells of the body. A constant phosphor 3 da- 
tion and dephc^phorylation take place inside the cells. Liver, Udney*** 
and to a lesser extent muscle and brain*** can convert the vitamin into co- 
carboxylase. Nucleated blood cells and probably all nudeated animal cells 
can phosphorylate vitamin Bi.*** The tiieory has been advanced that the 
mammalian non-nudeated erythrocytes obtain thdr cocaiboxylase while 
in the nudeated form within the bone marrow.*** 

In blood the cocarbox^ase is entirdy confined to the blood cells, u^ereas 
the free vitamin occurs only in the serum. Of the total vitamin Bi in blood 
nearly 90% is in the phosphorylated form. There seems to be a constant 
levd of about 0.5 y of free vitamin Bi per 100 cc. of blood. 


(b) Physiological Action of Vitamin Bt 


Vitamin Bi in the form of its pyrophosphoric add ester is intimatdy con- 
cerned with the carbohydrate metabolism. Spedfically this vitamin is 
involved in the utilization of pyruvic add,*** an intermediary degradation 
product of carbohydrates both in alcohdic fermentation and in tissue me- 

•*>&.& 0«edhwt nd H. M. Sinctair, Bletktm. M. lOM (1SS9). 
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tabolistii. Thus, pyruvic acid is accumulated***' ***• *** in varimis tissues 
and body fluids of the animal organism deprived of \dtamin Bi and can 
be easily detected. Under normal physiological conditions, pyruvic add is 
further metabolized in a number of different ways according to the type of 
cells in which the carbohydrate breakdown occurs. All observations con- 
cerned with ultimate ot intermediary reaction products of pyruvic add 
can be explained on the basis of the concept that vitamin Bj catalyzes 
prindpally two closely analogous reactions, namely, the decarboxylation 
and carboxylation of pyruvic add. While the former reaction {HevaiLs 
in yeast, the latter reaction occurs prindpally in animal tissues. Hie pos- 
dbility, however, that the vitamin takes part in reactions other than these 
cannot be exdnded entirely although no experimental evidence for the oc- 
currence of other reactions has been obtained. 

The Decarboxylation Reaction. In the anaerobic fermentation of 
carbohydrates pyruvic add is decarboxylated and yields acetaldehyde 
and carbon dioxide: 

CH»-CO-COOH Bi-pyrophoiplate^ CHi-CHO -f COi (1) 

It has been shown experimentally that in a properly adjusted S3rstem the 
rate of carbon dioxide ^volution is dependent upon the concentration of the 
vitamin Bi-pyropho^hate.*** This reaction of yeast is not confined to 
P3rruvic add. It seems that, generally speaking, alpha-oxo-carboxylic 
adds are decarboxylated by the enzyme ^tem of yeast as has been shown 
experimentally with keto-glutaric, keto-valeric, keto-butyric adds and 
others.*** 

The Caiboi^lation Reaction. In animal tissues, in plants, molds 
and certain bacteria pyruvic add is carboxylated”*' ***• *** and yields 
oxaloacetic add: 

COi -f- CHi CO COOH » COOH CH, CO COOH (2) 

The actual occurrence of this reaction has not been proved directly but a 
considerable amount of indirect evidence has accumulated. The utiliza- 
tion of carbon dioxide is indicated, for example, in B. coli since the forma- 
tion of sucdnic add from pyruvic add depends upon the pressure of carbon 
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dioxide.^** Furthermore, by means of radioactive carbon the assimilatioo 
of carbon dioxide by the rat Uver and by other heterotropbic cells has been 
demonstrated,** and tte presence of carboi^l groups in the reaction prod- 
uct has been diown.*^ Radioactive a-keto-g^utarate has been isobded, 
fcnmed by liver from pyruvate and radioactiye sodium bicarbonate.*** 
Oxaloacetic add, the pn^uct cS reaction (2), cannot be isolated since it 
undergoes a rapid trtmsformation. Thus oxaloacetic add when added 
to animal tissues yidds fumarate, nudate, a-keto-glutarate, dtrate, suc- 
cinate and carbon dioxide.*** Actually, the carboxylated product is me- 
tabolized differently in various tissues. The available evidence indicates 
that at least two systems, the dtric add cyde and the succinic add <yde, 
are involved in tlu utilization of oxaloacetic add. Although vitamin Ri 
is not involved in these cydes, th^ must be briefly presented in order to 
explain the ultimate reaction products of pyruvic acid as catalyzed initially 
by this vitanun. 

(a) The Citric Add Cyde. According to the dtric add qrde*** p]rruvic 
add condenses with oxaloacetic add in the presence at oxygen to dtric 
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add which is brdcen down by a series of en^rmatic reactions to oxaloacetic 
add. The com|dete cyde effects a total oxidation d pyruvic add (to 
carbon dioxide and water) but the rate of p3rFuvic acid utilization is de- 
pendent upon the presence of vitamin Bi. Thus it was drown vrith liver 
suqtensions from avitaminotic pigeons that when the defidency symptoms 
ci the nnimals become gradually more seyere the utilizaticm rate of pyruvic 
add is correspon^ngty decreased. On the other hand, in nunced livers from 
healthy pigecms, dtrate, ot-keto-gfutarate, sucdnate, fiimarate and makte 
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can be obtained by the addition of oxaloacetic add or ci i>ynivic add in the 
presence of carbon dioxide. The rate of pyruvate utilization in these ex- 
periments depended upon the concentration of carbon dioxide used, thus 
the formation of oxaloacetic add according to reacticm (2). This 
pyruvic add metabdism through the dtric add cycle occurs apparently in 
many animal tissues, such as liver, brain and several others, in idants, molds 
and in those types of bacteria**' in which dtrate, succinate, malate or 
oxaloacetate*** is formed, but seems to be of minor importance in skdetal*** 
and heart musdes.*" 

The concept that vitamin Bi is concerned in reaction (2) explains a num- 
ber of other observations. Thus, in contrast to the apparent universal 
decarboxylation of a-oxo-carboxylic adds by yeast, animal tissues have 
been found to utilize pyruvic add exdusivdy.*" In in vitro experiments 
with rat kidney slices the synthesis of d^c add brom pyruvic add was 
found to be markedly accderated by dtamin Bi.*" In vivo a defidency oi 
vitamin Bi in the diet of rats results in decreased excretion of dtric add 
through the urine,*" but on the basis of the results obtained from paired 
feeding experiments it is indicated that the decrease in dtric add secretion 
is corrdated with a diminished intake d food rather than with absence of 
vitamin Bi per se.*” 

{b) The Succinic Acid Cycle. The sucdnic add cyde*" may be con- 
sidered as a variation of the dtric add cyde in that dtric add is not in- 



vdved and in that there is a difference in the nature of the oxidative and re- 
ductive reactions. The common principle of both ^des is the reduction 
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of one part of the oxaloacetate (w p 3 rruvate) at the expense of the oxidation 
of another part.*** 

Accordittg to the sacdntc add (yde oxaloacetate is reduced to malate at 
the eq)ense of an oxidation of i^rruvate. ThustUsreactionmay befmntu- 
lated:«» 

Pyruvate + oxaloacetate + irater • • acetate + COj + malate (3) 

The malate formed according to (3) may react further in two different 
ways. It may react with another molecule of pyruvate (4). 

Malate + pjvuvate ► oxaloacetate + lactate (4) 

Or malate may according to the sucdnic add cycle be converted into fuma- 
rate and finally into succinate. 

It is postulated that all these reactions occur at considerably different 
rates in various tissues. Th^ serve well to explain the experimental find- 
ings. The sucdnic add cyde appears to be involved in the metabolism of 
pyruvic add through reaction (2) in various bacteria and to a certain ex- 
tent also in animal tissues. 

In certmn bacteria anaerobic fermentation of pyruvate yidds*** malate, 
fumarate and succinate and results in an accumulation of the latter, as 
postulated by the succinic cycle concept. This reaction can then be writ- 
ten :*»» 

CH, + CO, CHrCOOH CH,COOH CHCOOH CH,COOH 

<!:0C00H i:OCOOH C^HOHCOOH ilaCOOH ^HrCOOH 

and occurs in PropionibacUrium, B. coU and other spedes. In the case of 
B. aM it was shown*** that the yidd of sucdnate dqiends upon the pressure 
d COi. Sucdnic add formation from pyruvic add has also been demon- 
strated in certain animal tissues, such as, for example, in the kidney of 
rats.*** In eiqietiments in which the fixation of radioactive carbon dioxide 
by bacteria was studied, the radioactive dement was actually found in the 
sucdnic add isolated frcnn ^e reaction products*** and by degradation of 
the sucdnic add it was shown that the radioactive carbon is exdusivdy in 
the carbrntyl groups of the add.*** 

•• B. A. aad-L. V. Bfglcataii, Bioclum. S4. iSSS (1940). 

m B. O. Wood aad a a. Wwkmu, /WA. 94. 7 (1040). 
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** a a O. Banoa, C. M. LyOMU, M. A. Upton nod J. OohSatcr, Pne. Am. Soe. BM. Chtm., 1941, 
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The reaction mechanism in certain othm* bacteria, such as in Stafk^- 
cocci^ and LackbaciUus ddbrUdm is somewhat different*"- •" In these 
organisms the reaction proceeds maitdy through reaction (3) and results in 
an accumulation of acetic add. The other reaction products are totally 
metabolized. 

In animal tissues, for example in the brain, and in certain bacteria, lactic 
add is accumulated, *“• “*• **• which originated frcwn the sucdnic cyde ac- 
cording to reaction (4).*" 

In most animal tissues and in bacteria, all these reactions occur at the 
same time but at different rates. Thus, in quantitative experiments 
with brain tissue,*" pyruvic add was utilized in the following manne 
67% was completdy metabolized according to the dtric add cyde yidding 
only COi, 29.5% was carried through the sucdnic add cyde yid^ng, be 

sides COi, acetic add and lactic add. \ 

\ 

Certain other exi^anations lor the reaction mechanism of the pyruvic acid metabotisiii 
in the presence of vitamin Bi have been postulated at various times. They all differ 
from the mechanism as presented in the previous paragraphs in that reaction (2)^ the 
initial formation of oxaloacetic acid, is not postulated. As the result an involvement of 
the citric and succinic acid cycles was not considered. Thus, the formation of acetic acid 
has been explained as decarboxylation (according to reaction (1)) with simultaneous 
dehydrogenation.**^ 

CHg CO COOH -h H,0 CHrCOOH 4* CO, + H, 

CHrCOCOOH + O ► CH,COOH + CO, 

'Fhe occurrence of lactic acid has been explained as a dismutation:**** ***• *** 

2CH, CO COOH CH, CHOH-COOH + CH,*COOH + CO, 

It has been suggested that the dehydrogenations and dismutations are accomplished 
through some flavin-adenine-enzyme systems*** while only the decarboxylations are 
carried out by the vitamin Bi-pyrophosphate*enzyme system. These explanations do 
not appear attractive in the light of the previously discus^ hypothesis and the evidence 
for an intermediary formation of oxaloacetic acid by means of the vitamin Bi enzyme 
system. 
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w H. A. Kfabt, Vaiwro, 138, 288 (1986). 
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The initial formation of oxidoacetate fr(un p 3 rruvate under the influence 
diphospho-vitamin B| also makes a condensation ci pyruvic acid with 
other adds plausible. .*Thus it mig^t be possible that acetic add con- 
denses with pyruvic add (reaction (5)) in strict analogy to the condensation 
of C(^ with pjmivic add (reaction (1)). 

CH, COOH -I- CHi CO COOH -I^!^L»CH, CO.CH, CO COOH (6) 

HO COOH + CHi CO COOH HO CO CH, CO COOH (1) 


Actually, the formation of acetoacetate in pigeon®** and chicken®*^ liver 
has been demonstrated to be a function of vitamin Brp3rrophosphate and 
might be explained by an initial formation of acetopyruvate according to 
reaction (5). 

The citric and the succinic acid cycles are probably not the only reac- 
tions involved in the utilization of p 3 rruvic and oxaloacetic acids. At least 
one other mechanism must be assumed, since in radioactive a-keto-glutaric 
acid obtained in rat liver from pyruvic acid and radioactive sodium bi- 
carbonate, the radioactive carbon atom is fixed solely in the carboxyl group 
which is in a-position to the keto group as evident from degradation re- 
actions.®®^ 'Fhus, this «-keto-glutaric acid cannot be formed according to 
the citric acid cycle which would require an equal distribution of the radio- 
active carbon in both carboxyl groups. Another series of reactions (6) 
has therefore been postulated®®* for the formation of this acid from oxalo- 
acetic and pyruvic acids. 
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I 

CO 


OH -HtO CH, 
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So far the action of vitamin Bi in the carbohydrate metabolian has been 
disclosed only in its relation to the utilization of pyruvic add. While this 
is apparmtly the most important action, oth^ observations may be men- 

"• H. A. Kr(di« ud L. V. UgcIcMoii, Biotlum. J., M, 1388 (IMO). 
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« H n Waod, C. H. Wntmiaa. A. Hodagway aad A. O. Nior, J. BM. C»tm.. 188,483 (18411. 
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tioned concerning a disturbed carbohydrate metabdliMn during vitamin Bi 
deficiency. Thus, glycogen, the specific animal carbohydrate, requires 
the presence of this vitamin to be properly metabolized. An increase of 
the glycogen content in liver and in heart musdes has been observed in 
pigeons during avitaminosis.^® In the urine of children suffering from 
vitamin Bi deficiency, methyl-glyoxal is found.*^® In rabbits, intramuscular 
injection of vitamin Bi causes h3rpoglycemia in amounts of 0.75 mg,, while 
2 mg. or more bring about marked h3rperglycemia.®’^^ In man it has gen- 
erally been observed that an increased carbohydrate metabolism, for jsx- 
ample, after an intake of large amounts of carl^hydrates, during physical 
labor or during fever periods, requires an increased vitamin Bi utilization. 

The fat metabolism is influenced by vitamin Bi only in so far as the sm- 
thesis of fat from carbohydrates is concerned, that is, the metabolism pf 
ingested fats apparently does not need any vitamin Bi. On the other hand, 
the utilization of acetic acid, as an intermediate in the carbohydrate break- 
down, appears to be accelerated in bacteria by the presence of vitamin Bi.”* 
Fat synthesis in experimental animals, for example, in pigeons and in 
rats, on a pure carbohydrate diet, is dependent upon the presence of 
vitamin Bi.*^** 

The water metabolism in the organism also seems connected with 
the action of vitamin Bi, probably through the carbohydrate metabolism^ 
Edema and water imbibitions in the heart and in other organs are symp- 
toms of Bi-avitaminosis. Vitamin Bi also takes part in the regulation 
of the nervous system. During nerve excitement, two compounds are 
liberated from the nerve: acetylcholine and vitamin Bi.^® It has been 
shown experimentally that vitamin Bi cannot bring about contractions of 
the gut, whereas the acetylated vitamin Bi has the power to do so,®'® as 
does acetylcholine. Acetyl-thiamin, like acetylcholine, can be hydrolyzed 
enzymatically, perhaps even by the same acetylcholine-esterase.®" It has, 
therefore, been suggested that actually not vitamin Bi but an ester is 
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liberated from the nerves.*" It should, however, be noted that me would 
expect rapid removal of a mediatm of nerve impulses from the site of ac- 
tion. Thus, acetyldiniine is made inactive hydrolytically by choline- 
esterase. The etu! 3 rmatic hydrolysis of acetyl-thiamin by h<H% serum and 
by brain extracts proceeds, however, very slovdy.*** 


(c) Mechanism of the Vitamin By Action 


Vitamin Bi takes part in tissue oxidations of carbohydrates. It might, 
therefore, be expected that vitamin Bi acts as a compound capable of 
reversible oxidation mid reduction. This is apparently the case. Vita- 
min Bi (1) represents the reduced form and can be oxidized to a disulfide 
(III).**® This oxidation occurs under physiological conditions, for ex- 

CH CH, Cl CH CH, 

N C 14— C— CH, n«oh n S C— CH, 
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Y y YU 
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<1hO NH.— C C— CH, 
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<!:h. 

Y 


:h,oh ch,oh 
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ample, at pH 7.5 with hydrogen peroxide or oxygen from air,*** but can also 
be brought about by oxidation in alkaline solution with iodine. On the 
other hand, the disulfide can be reduced to the thiol form (II) of vitamin Bi 
by hydrogen, hydrogen sulfide, glutathione or cysteine*** and the thiol form 
is converted into the vitamin by acids such as hydrochloric add. In 


^ H. XT. Onf mad A. v. Muralt, Angtw. CAern,, 8t2, 466 (1939). 
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body fluids and in tissues, the reduction apparently does not stop at the 
thm! $ti^. The disulfide shows the full biological activity of the vitamin 
itself and is about five times less toxic than the vitamin. 

The possibility that vitamin Bi represents not the reduced but the oxidized form has 
also been investigated. Actually, by mild reducing agents, for example, by the action 
of hydrosulfite in sodium carbonate solution, one atom of hydrogen is absorbed"* 
(I -► IV). The reduced form^Js a reducing agent but is non-autoxidizable. It is also 
devoid of vitamin activity. ^Furthermore, upon pyrophosphorylation the molecule 
becomes more resistant to the action of teducing agents."* The possibility, therefore, 
that vitamin Bt acts according to this scheme can be discarded. 


CH, Cl 
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CHi 
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•NH, 
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C-CH, — N C N--C-~CH, 

iHi-CHrCH^H CHr-i ^-NH, tn, C-CHrCHrfJH 

\/ V/ • \/ 

§ N Ha S 

(I) ' (IV) 


It has also been suggested that vitamin Bi may act through its amino-group according 
to the Langenbeck cycle."^ In this system all primary amines (V) which have been in- 
vestigated, decarboxylate a-keto-carboxylic acids (VI) to the corresponding lower alde- 
hyde through the formation of an imino-acid (VII) which decomposes into carbon dioxide 
and an aldimine (VIII), The latter reacts with another molecule of the keto-acid, thus 
yielding again one mol of imino-acid (IX) and one mol of aldehyde (X). This reaction 
mechanism is, however, very improbable since in the actual test system for the Langen- 
beck cycle vitamin Bi was found to be completely inactive,*" 
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(<i) BelaiUm cf Vitamin Bt to (Xker Vitamins, to Hormones, and Minerals 

The dose tdation of vitamin Bi to the carbohydrate metabolism be- 
comes apparent fixmi the relation <rf the vitamin to the hormone of the 
tlqrroid gland, thyroxine. Thyroxine secretion increases the intensity of 
the general metabolism and h^ice necessitat es an increased amount of vita- 
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in&i *®' "*• *“• *•* A nmilar rdationsh^ can be demonstrated for 
vitamin Bi and instdin. Vitamin Bi increased the sugar tolerance of 
rats in insulin hypogktoeteia experiments.**' 

A dose rdationdiip exists between one of the hmmones of the adrenal 
cortex and vitanun Bi. During vitamin Bi*avitan;woas a hypertrophy of 
the adrenal cortex occurs. Since one of the horaumes of the adrenal cor- 
tex regulates the lipdd content td blood, hypertrophy of the adrend gland 
causes increase of the cholesterol content of blood. If during Bi-avitamino- 
sis extracts of the adrenal cortex are injected, hypertrophy of the gland does 
not occur and the cholesterol content of the blood does not increase. 
Hypertropl^ of the gland, on the other hand, can apparently be cured by 
vitamin Bi intake. 

It has been reported that substances of the cydo-pentano-perhydro- 
phenanthrene type, fcH' example, female and male sex hormones and vita- 
mins D,*** delay symptoms of vitamin Bj defidency. These results, how- 
ever, need confirmation. 

The relation of vitamin Bi to the other vitamins also needs further study. 
Vitamin A is said to act antagonistically, since increase of the vitamin A 
intake increases the S 3 mptoms of vitamin Bi defidency. On the other 
hand, vitamin A defidency in rats on a diet containing normal amounts of 
Bi causes the appearance of symptoms of a Bi defidency (pyruvic add in 
the blood) which can be cured by increased Bi intake.*** 

Interesting is the rdationship of vitamin Bi to the zinc metabolism. 
During avitaminosis the zinc contents of the blood,*** the toenails, finger- 
nails and skin are reduced to half their normal values.*** In natural 
food-stuffs there seems to be a' corrdation of the amount of zinc and 
vitamin Bi.*** 

A possible relation of vitamin Bi to manganese has been observed. When 
rats were fed 50 International Units per day, there resulted, after one gen- 
eration, interference with lactation, loss oi maternal instinct, cannibalism 
and progressive loss of fertility. When small amounts of manganese 
chloride (2 mg. per day) were added to the diet, all these effects disap- 
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peared.*** It has also been noted*”* **• that Mn++ greatly stimtilates the 
carboxylase system if present in appropriate concentrations. 


16. Avitaminosis and Hypovitaminosis 


Severe cases of vitamin Bi deficiency in man have been and still are very 
common in the tnqfics, especially in the Philippines and India and in Japan 
and are due to poor nourishment, the food consisting mainly of polished rice. 
In America and Europe, severe cases are only occaaonally observed and are 
caused, for example, by chronic alcoholic addiction, by pregnan<y, by toxic 
agents such as nicotine, lead, thallium, arsenic and mercury, etc. Cases 
of more or less severe hypovitaminosis are quite common in the Western 
countries due to inadequate nutrition. 

The symptoms generally ascribed to vitamin Bi deficiency are mostly 
sjrmptoms of combined deficiencies of several vitamins of the B-group, es- 
P*Q8lly B*, nicotinic amide, B«, etc. Vitamin Bi deficiency in man affects 
first of all the emotions and the tonus of the nervous system. Further 
qrmptoms are loss of appetite (anorexia), unusual susceptibility to fatigue 
combined with lower physical endurance, gastrointestinal disturbances, 
muscular weakness, pains and paraesthesia iii arms and legs, edema in 
ankles wd face and decrease of the blood pressure. In more severe fa ses , 
the entire nervous s]rstem is affected and tymptoms of pol}rneuritis and 
neuralgia occur, '^e specific pol3meuritis due to vitamin Bi deficiency is 
t^teral, tymmettical and involves predominantly the lower extremi- 
ties.*** Muscle cramps of the calf are often noted and, at later stages, calf 
muscle atrophy. The position sense in the toes is disturbed and foot drop 
M invested. The typical form of beriberi, the severe disease of the trop- 
i«, IS accompanied by symptoms such as lameness, ataxia, disturbance of 
the motor ud ^sory nerves followed by labored breathing and hyper- 
trophy of the nght heart and finaUy death from heart failure. Cardio- 

continued deficiency of 


^ defiaency in rats resemble very closely the 

addition to these, there is a marked in- 
lluence upon tte growth of young animals. More severe avitaminosis 
causes conv ulsions wid paralysis of the lower extremities. 
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The j^ymptoms in pigeons, whkh have been used for the biddgical detec* 
tion oS the vitamin are quite diaracteristic. These birds first show huKH* 
tude and eat little. Tbe^r sit with ruffled feathers and draw their heads far 
back and upside down (hetul retraction : (^thotonus). Convulsions may 
follow. Two or three days after these symptoms ai^>ear the bird dies. 

(a) CUnicai Test Methods 

A diagnosis for vitamin Bi deficiency can be carried out by a number of 
different procedures. The amount of this vitamin present in blood and in 
mine can be determined. The cocarborylase content in blood can also be 
used as an assay procedure. Finally, a determination oi the amount of 
pyruviq acid present in blood or in urine can serve as an indication for a 
vitamin Bi deficiency. In addition to these direct methods, determinations 
of the tissue saturation with vitamin Bi may be carried out in which the 
effects of defined doses of vitamin Bi are measured by any of the indicated 
methods before and after administration. 

Urine Tests. The urinary output of vitamin Bi is closely related to the 
state of nutrition of the body. Healthy humans on an adequate diet 
excrete between 50 and 150 y vitamin Bi per day.*®^* ***• ***• Lower 
values are found dtiring vitamin Bi deficiency,*** pregnancy*®* and a variety 
of diseases.*®** *** ^^tamin Bi pyrophosplmte (cocarboxylase) does not 
appear normally in the urine. 

For the actu^ determination of vitamin Bi a number of different methods 
have been recommended. The bradycardia assay,*” for examine, has given 
most satisfactory results. The thiochrome method must be modified ^ce 
urine con tains fluorescent compounds which interfere with the thiochrmne 
determination. Various modifications of the basic method have been 
recommended*®*’ ***’ ***• ***• *** and have been applied successfully as 
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cUnica! test methods, especially when larger quantities of the vitamin are 
hwng assayed such as in saturation tests. The colorimetric method by 
PrMuda and McCollum has also been applied successfully to the assay of 
vitamin Bi in urine.*‘* The yeaH fermentation method offers promising re- 
sults for urine tests,***- *** Since urine contains, however, other substance 
which stimulate the fermentation, it has been recommended**® to cany out 
a determination before and after an oxidative inactivation of the vitamin. 
In a parallel test in which vitamin Bi has been added to the urine, the 
efficiency of the inactivation procedure is evaluated. 

Pyruvic add determinations*^- ***• ***• ***- ***• **!’ ***- ***• ***• *“ can be 
made to detect a state of vitamin Bi deficiency. One assay procedure is 
based on the isolation of sodium psmivic acid-2, 4-dinitrobenzoate and the 
red color developed by the latter with strong alkali. In practice, the urine 
(or the blood) is mixed with trichloroacetic add (or in the case of blood, 
better with tungstic add) and a solution of 2,4-dinitro-phenyl-hydrazine in 
diluted hydrocUoric add solution is added. The hydrazones formed are 
extracted with ethyl acetate followed by an extraction with a sodium car- 
bonate solution. Finally a sodium hydroxide solution is added and the 
color developed is measured. This method is, of course, not specific for 
the determination of pyruvic add since other a-keto-carboxyUc adds, such 
as acetoacetic add, oxaloacetic add and a-keto-glutaric add, give the same 
reaction. Pyruvic add can also be estimated by determination of bisulfite- 
binding substances. Accorffing to this procedure urine is mixed with solu- 
tions of oxalic add and of sodium bisulfite. After an appropriate length of 
time, the excess of bisulfite is removed and the bisulfite-bound substances 
are titrated iodometrically. 

The amount of pyruvic add in the urine of the normal and vitamin Bi- 
defident man has not been studied ^tematically. In rats the amount 
excreted increases during vitamin Bi defidency 200-400%, but is also a 
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nt B. Bnedint and H. Woetia, J. Biol. Chtm., 13a 385 (1940). 

»• M. SkOa, H. C. Day and B. V. MeCoUian. IhU., 139, 145 (1941). 
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function of the type and quantity of food tak«i in. The urinary output 
at pjrruvic add appears to be higher in the male than in the female. 

Blood Tests. The detmnination of vitamin Bi in plasma is rather dif- 
ficult since the concentration is normally very small, about 1 y in 100 ml. 
Furthermore, dight hemdysis of the blood 4dfects the results consider- 
ably.*** The only method, therefore, which has been found useful is the 
determination of the growth rate of Phycomyces blakesleanus,*” Blood 
contains, however, other factors which increase the growth rate of this 
fungus. Neverthdess, the method is valuable for comparing the apparent 
vitamin Bi content in different samples of blood.*** The difficulties can 
partly be overcome by evaluation the growth rate by blood with and 
without the addition at vitamin Bt. 

Tht determination of vitamin Bi-pyrophosphate (cocarboxylase)***' ***• ***• *** 
can be carried out much more easily. The pyrophosphate occurs ex- 
dusivdy in the blood cells. Therefore in cases in which the blood cell count 
is disturbed, for example, in cases of polycythemia or of myeloid leukemia, 
the cocarboxylase determination should not be used. The method con- 
sists in the determination of the carbon dioxide production from pyruvic 
add in the presence of yeast as a source of carboxylase and in tte presence 
of excess amounts of vitamin Bj. Instead of udng whole blood for the 
determination, the use of washed blood cdls has been recommended. 
Blood of healthy adults contains an average of about 7 y of cocarboxylase 
per 100 ml. A value bdow 3 y is considered as indicative of a state cd 
vitamin Bi defidency. 

The determination of pyruvic acid is carried out as described for its de- 
termination in mine. A. marked increase in pyruvic add has beoi found 
in man and in experimental animals, such as in pigeons*** and in rats*** 
dming times of vitamin Bi defidency. The normal pyruvic add content 
of human blood averages 2.8 mg. per 100 cc. 

17. Hyperdtaminoms 

Vitamin Bi has no spedfic pharmacological action, as far as is known to- 
day. The vitamin is non-toxic, even in doses which are several thousand 
times larger than a normal daily dose. No cases of human vitamin Bi 

I* R. Goodluut and H. M. Sinclair, Bioehtm, 35, 1000 (1030). 

H. M. Sinclair. Ibid., 33, 2027 (1030). 

m H. M. S&ttdair. Ibid., 32, 2185 (1988). 

a Oebw Mid R. A. Mm, IM., 32, 1501 <1928). 

>*ILOeadhurtudH.M.Siad.ir.J.5M.C»rai.,132,ll (1940). 

•» a. Ooodkwt, IbU., 118 . 77 (1040). 

»• a. B.a TkoBVMaaad a. B. Jehmoa, B{o€lum. J.. 29,094 (198S). 

•" O. O. iM. nu» 33. 774 (1929). 
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hypervitaminosis have ever been leported. Tlie therapeutic index, that 
is, the ratio of the therapeutic dose to the minimum lethal dose, is extren^y 
Mgh - 600 for mice, 6000 for rats and 70,000 for dogs. Doses of 125 mg. 
per kg. body weight for mice, 250 mg. per kg. for rats, 300 mg. pa- kg. fa- 
rabbits, or 350 mg. per kg. fa dogs are lethal when injected intrave- 
noudy.*** 

18. Requirements 

It is imposnble to define accuratdy the requirements of vitamin Bi. 
The amount needed is not a constant, but a function of the supplied food, of 
the intensity of the metabolism, of the outside temperature and of other 
factors. The consumption of carbohydrates increases and of fat decreases 
the amount of vitamin Bi needed by the aganism, while proteins do not 
have any influence on the vitamin requirement. The intaisity ci the total 
metabolism is again a function of many single factors, among which mig^t 
be mentioned the secretion of thyroxin, the physical laba performed, preg- 
nancy, etc. 

The ratio of the minimum amount of vitamin Bi needed to support life 
to the optimal amount fa general development of the body is very Hi gh 
and can vary fron 3 up to 100. 

The vitamin Bi requirement of man, thaefore, cannot be defined ex- 
actly. The allowances as recommended by the Food and Nutrition Board 
of the National Research Council (for details see page 613} call fa a daily 
intake varying from 1. 2-2.3 rag. of thiamin fa adults depending upon 
sex and relative activity. The requirements fa children are correspond- 
ingly lower. A six to eight months old baby should receive 0.4 mg. of 
thiamin.’” 

Vitamin Bi is, as far as is known, needed by all animals, even by insects 
and miaootganisms. Sheep*** and cattle***- ***• *** apparently need no 
external supply of this vitamin, smce it is synthesized by bactoia in the 
rumen of these animals. 

•U H. MoUtor, Jf<rck'j /thnOtrithU, ISM. 61. 

"• B. M. Xnott, rVoc. Soc. BM. Uti., 45, 766 (1940). 

L. W. McBbsy ud H. Goh, J. BM. Ckm., IM, 487 (1989). 

*>> L. W. McBIrar wid H. Com, Uti,, 181, LXV (1940). 

« M. I. Wcmcr, A. N. Booth, C A. Blvebjem and B. B. Hart, Proc. Soc. BxPO. BM. Uci„ 45. 796 
(1940). 

*• & I. Bachdal. H. B. HoaqrwtU, R. A. Dutcher and M. H. KMtata. J. BM. Otm.. 69, SSl ( 19W , 
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1. NomoicUture and Surrey 


Namet: 

Riboflavin; name used in America.* 

Ivactoflavin: name used in Europe. 

Ovoflavin and hepatoflavin; historical names, indicating the origin. 
Vitamin G: historical designation by Sherman. 


Chemical formula: 


CHiOH 5' 
HO— (!:h 4' 

HO-iH 


HO— CH 2' 

in, 1' 



Chemical name: 

6,7'Dimethyl>9-(d-l'>ribityl*}iso4]loxazine. 

6,7'Dimethyl-9*d-riboflavin. 


Bmpirieal formula: 

CnH*N40^ 


Efficacy: 

1 g. riboflavin 400,000 Bourquin-Sherman Units. 

Qaarification: 

Vitamin Bi belongs to the class of cdored, water-sduMe, naturally occurring sub- 
stances, which carry the group name, lyochromes. In distinction from the lyo- 
chromes, the coioted, frit- or organic solvent-sahtUe, naturally occurrinfl substances 

t The term V'HbpAffivin or just riboAffiviii was suggested by the Council on Phirmncy mud Chemistry, 
y. Am. Med. Assoc,, 108> 1340 (1037)« and approved by the Committee on Vitamin Standards. Amertcan 
Soeicty of Biological Chemists, and also by the Committee on ViUmin Nomenclature, Americaii Imni* 
tote of Nutrition, 
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are called Upochromes. The lyochromes are not as yet systematically subclassified. 
Arbitrarily, vitamin Bj is a member of the subdivision flavins. The members <rf this 
group carry names indicating the origin*of their occurrence. Thus lactoflavin comes 
from milk, ovoflavin from eggs, hepatofiavin from liver, uroflavin from urine, etc. 
All naturally occurring flavins which have been investigated, with the exception of 
uroflavin, proved to be identical with riboflavin. 


2, Chronology 

1879 Blyth* isolated an impure flavin from whey. 

1918 Osborne and Mendel recognized in milk the* presence of a water-soluble sub- 
stance which promotes growth.* 

1917 Emmett and McKim differentiated the physiological action of vitamin B| from 
vitamin Bj.^ 

1925 Blbybr and Kallmann obtained a yellow pigment called '*lactochrome*' in 
crude form from milk.* 

1932 Warburg and Christian isolated the ''yellow enzyme*' from yeast.* Banga 
and SzBNT-OvdRGYi^ recognized a respiration co- ferment in yeast, the colored 
part of which was called “cytoflav.*' 

1933 Ellingbr and Koschara, and Kuhn, Gyor(;y and Wagnbr-Jaurbgg isolated 
pure riboflavin. The latter authors recognized the identity of vitamin B) and 
riboflavin. 

1935 Kuhn and Karrer and their groups established the constitution of riboflavin by 
total synthesis. 


3. Occurrence 

Riboflavin is very widely distributed over the entire animal and plant 
kingdom.^ It seems that each animal and plant cell contains small 
amounts. The amount in plant seeds is small but increases rapidly during 
germination. The richest source of riboflavin is anaerobic growing fer- 
mentation bacteria; for example, butyric add bacteria in the dried state 
contain up to 15 mg. %. Also various yeasts contain fair amounts of 
riboflavin. Liver, kidney and heart of vertebrata and fish livers contain 
about 10-30 mg. % or about 10-30 times more than muscles. The retina 

* A. W. Blyth. J. Ckem. Soc., 35, 530 (1579). 

' * T. B. Osborne and L. B. Mendel, J. Biol. Chem., 15, 311 (1913). 

« A. D. Emmett and L. H. McKin, Ibid., 32, 409 (1917). 

B. Bleyer and O. Kallmann. Biochem. Z., 155, 54 (1925). 

• O. Warburg and W. Chtistian, Naturwissenschaften, 20, 688, 980 (1932); Bwefutm. £., 254, 438 
(1932); 287, 492 (1933); 206, 377 (1933). 

» 1. Banga and A. Scent-GyOrgyt, Biochem. Z., 246, 203 (1932). I. Banga, A. Sxent-GyOrgyt and 
L. Vargha, Z. physiol. Chem., 210, 228 (1932). 

« P. Gydrgy. R. Kuhn and T. Wagner-Jauregg, Z. physiol. Chem., 223, 21 (1934). H. v. Euler and 
K. Adler, Ibid., 223. 105 (1934). 
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ol the eyti of many species of animals contains considerable quantities of 
rib(^vin.* 

Vitamin Bs occurs in the animri organism in a number of different forms. 
In milk, in urine*<* and in the retina, “ or, generally speaking, in places 
^ere no respiration or fermentation takes, place, the free riboflavin is 
found. In tissues, riboflavin occurs as such, as riboflavin-phosphoric add 
and in the form of riboflavin-phosphoric-add-adenine-dinudeotide. Bach 
of these forms occurs in the free state as well as combined with specific 
proteins (see page 171). For a combination of rilx^vin with protdn in 
muscles, see**. 


4. Isolation 


The isolation of riboflavin is carried out by extraction of flavin-containing 
materials with aqueous add solutions, with water-alcohol mixtures, with 
alcohol or with acetone. Direct extraction of natural materials, eiq>eda]ly 
of plant origin, yields only part of the total riboflavin present. The re- 
maining vitamin is chemically bound but can be liberated by heating.** 
The extraction is followed by a combination of different predpitation and 
adsorption procedures. The following predpitation methods have been 
used:**' ** lead acetate, phosphotungstic add in normal sulfuric add fol- 
lowed by extraction of the predpitate with amyl alcohol; silver mtrate or 
mercuric sulfate in add solution predpitates other substances, leaving the 
vitamin Bs in solution, but silver nitrate in neutral solution predpitates 
the vitamin. By the addition of alcohol to concentrated aqueous ribo- 
flavin solutions, salts and glycogen are eliminated. 

Riboflavin is adsorbed in add solution by fuller’s earth** or in neutral 
solution by frankonit. Charcoal can also be used successfully. Talc, 
aluminum oxide, caldum carbonate, kaolin and Idesdguhr do not absorb 
vitamin Bi. The dution is carried out by basic solvents sudi as pjrridine- 

* O. Brunner and B. BarofU, Momatsh., 6$, 264 (1930). 

^ A. Bmmerie, Acta Brnia Ncertand. PkysUA. Pharmacol. HicrobM., $, 116 (1988). 

>> H. V. Buler and B. Adler. Arkiv Kami, Mlnarai.^Gaol., Bll, Mo. 28 (1934). R. Kuhn and H. Kelt- 
flchmitt. Bar., 6$, 386 (1936). B, Adler and H. v. Kuler, Naiaaa, 141, 790 (1938). H. v. Buler and B. 
Adler. physiol. Cham., 22$, 105 (1934). 

» J. Schormailer. 2. l/ntarsuck. Labamsm., 77 , 1 (1989). 

B. M. tante. Agr. Bxptl. Sia. New Miaxico CoU. Agr. Aiach. Arts, Butt, 268 (1939). 

<4 B. C. Ouha. Bioeham. J., 25* 946 (1981). 

» P. OyOrgy, R, Kuhn and T. Wagner<Jaitregg. 2. pkyaia. Cham., 223. 31. 37. 236. 241 
(1934). 

» A. Seuldl. If. S. Pah. Haatth SanUa Pah. Health Rapts,, 31, 464 (1916). W. D. Salnum. N. B. 
Otterfant and 1. M. »aya.^ J. Biot. Cham,, 90, 91 (1928). B. T. Narayaiiaa and J. C. Draimnoad, 
Biaeham, J., 24,12 {\2m. 
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methanol- water mixtures,”- ** ammonia, caustic solutions, triethanolamine 
or by neutral organic solvents, such as ^)% acetone. After predpitatirm, 
together with lead sulfide, riboflavin is extracted with hot water.”- ** 

From concentrates obtained from the elution of adsorbates, riboflavin 
usually crystallizes out in clusters of fine orange-yellow needles. They 
can be purified further by predpitation with thallium ions or by one of the 
previously described predpitation methods. Final recrystallizations are 
carried out from water, aqueous alcohol or diluted acetic add. 

By such methods, the pure vitamin Bj has been obtained by many work- 
ers,*®"®* and the identity of the flavins from different sources has been 
established chemically and biologically. Ovoflavin from egg white, lacto- 
flavin from milk, hepatoflavin from liver, etc., are identical with ribo- 
flavin. One gram of riboflavin was obtained from 5400 liters of milk. 

Methods for the separation of vitamin Bi from vitamin Bs are discussed 
on page 102. It might be added here that vitamin Bi can be destroyed by 
heating to 120° C. for six hours, leaving the vitamin Bj mainly intact.*® 
For methods of separating riboflavin, riboflavin-phosphoric add and the 
flavin-enzymes from each other see page 183. 


S. Properties 

Riboflavin crystallizes in fine orange-yellow needles which melt at 282° C. 
under decomposition (darkening at about 240°). The pure compound is 
slightly soluble in water (12 mg. in 100 cc. at 27.5°, 19 mg. at 40°) and in 
ethyl alcohol (4.5 mg. at 27.5°), amyl-alcohol, cyclo-hexanol, phenol, 
amyl-acetate, etc., and is very soluble in alkali solutions. It is insoluble in 
acetone, ether, benzene and chloroform. The impure material is much 


» P. Ellingcr and W. Kosbara. Bar., M, SliS, 808, 1411 (1033). 

« a. Kuhn, P. Oy«rgy and T. Wagner-Jauregg, Ibid., 66, 317, S7K, 1034, 1577 (1033); Naltirvis- 
stnschtiften, 21, 560 (1933); Klin. Wothschr., 12, 1241 (1033). 

» P. Karrer, H. Salomon and K. Schdpp, Htlv. Chim. Aela, 17, 419, 735 (1934). 

M p. BlKofcer and W. Koschara, Ber,, 66, 315, 808, 1411 <1933). 

» R. Kuhn, P. GyOrgy and T. Wagner>Jauregg. IM., 66, 317, 576. 1034, 1577 (1933); Saiurwissen- 
sdmften, 21, 560 (1933); Klin, Woehschr., 12, 1241 (1933). 

n P. Kanrer, H. Salomon and K. Sch6pp, H^lv. Chim. Acta, 17, 419, 735 (1934). 

M L. B. Booher, J. Biol. Chem., 102, 39 (1933); 107, 591 (1934). 

8. Lapkovsky, W. Popper and H. M. Bvana, /5»d., 108, 257 (1935); 109, Proc. 54 (1935). 

M S. Itter, B. R. Great and B. V. McCollum, Ibid., 108, 579 (1935). 

» C. A. Bivekjem and C. J. Koehn, Ibid., 108, 709 (1935). 

» P. J. Stare. Ibid., Ill, 567 (1935). 

» a Attshacher, G. C. Sapplee and R. C. Bender. J. Nntrition, 11, 401 (1936). 

R. D. Greene and A. Black, J. Am, Chem. Sac., 59 , 1820 (1937). 

» M. I. Smith and B. G. Kendrick. U. S, Pub. HeaUh Servict Pub. HeaUh Refits., 41, 201 (1926). 
A. Seiddl, BuU. soe. chim. bitd., 8 , 746 (1926). A. Hauao and j. C. Drummond. Biochem. J., 21, 653 
(1887)6 H. Chick and M. H. Rommt. ibid., 21, 698 (1927). H. C. Sherman and J. H, Aatmayer, J. 
ma. Chem., 78, 207 (1987). 
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iiiore soluble than the pure material. The water sdutiou is of preoitsh 
yellow color and displays an intense yellow-green fluorescence, which vwi- 
ishes on the addition of acids. Alkali also causes disappearance of the 
fluorescence by diifting the hydrogen from the imino-group in 3-position 
to the neighborii^ oxo-group, thus forming an enol. The fluorescence 
(maximum at 565 m/u) is used for the quantitative determination of 
riboflavin (see page 182). Optimum fluorescence occurs at pH 3 to 9. 
The isoelectric point of vitamin Bi is at pH 6. Riboflavin is thus 



^ 300 400 500m/( 


Kig. 10. — Absorption spectrum of vitamin Bt (ribo- 
flavin). (R. Kubn.) 


amphoteric in character. The isoelectric constants for acid and base are 
calculated to be:*‘ =» 6il X lO"** and ICbue = O-’’ X 10~*. Ribo- 

flavin shows optical rotation: {o]d = —114“ in O.l normal sodium 
hydroxide.** In neutral and in acid solution, the optical activity is ex- 
ceedingly small. Riboflavin has a characteristic absorption spectrum with 
maxima at 445, 372, 269 and 225 mu (Fig. 10). 

Crystalline riboflavin, when protected against light, is stable at ordinary 
temperatures. Light dowly destroys the vitamin activity. In solution, 
vitamin Bt is essentially unstable. The decomposition is greatly in- 
fluenced by %ht, temperature and pH of the solution. Under alkaHne 

» a. Kuho and O. Moracti. Ber., «f, 888 (1M4). 

n a. Knbn ami H. Rudy. tUd., 48, ISA P. Kamr and H. KriUirha. Htl*. Ckim. Atia, 18, 

Um ( 1085 ). 
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conditions riboflavin decomposes rapidly. Riboflavin possesses a rda* 
lively high degree of thermostability, thus only slight destruction occurs 
by heating to 120° C. for six hours. 

6 . Chemical Constitution of Vitamin Bi: Degradation Reactions 

Riboflavin has the empirical formula CuHioN40(. It is resistant against 
acids, bromine and oxidizing agents, such as hydrogen peroxide and con- 
centrated nitric acid. Chromic acid oxidizes the molecule to ammonia, 
carbon dioxide and a nitrogen-free residue of unknown constitution. 
Acetylation of riboflavin yields a tetra-acetate, indicating the presence of 
four hydroxyl groups.’*- ” A diacetone compound can formed, which 
indicates the close position of each two hydroxyl groups.** Oxidation of 
riboflavin with lead tetra-acetate yields 0.8 mol of formaldehyde. A 
primary hydroxyl group is, therefore, in a-position to a secondary hydroxyl 
group.** Primary amino-groups are not present since nitrous add does 
not affect riboflavin. Alkaline hydrolysis 3rields urea,** indicating the 
presence of the configuration — ^NH — CO — ^NH — . The other two nitro- 
gen atoms are tertiary. Irradiation destroys vitamin B*. Irradiation in 
alkaline solution yidds a new compound, called lumiflavin (lumi-lacto- 
flavin) or photofiavin, and a sugar compound, C4H«04, which could not be 
isolated as such, probably because of decomposition. Lumiflavin cannot 
be acetylated further and does not give formaldehyde by oxidation with 
lead tetra-acetate. Vitamin B«, therefore, contains a side chain of the 
constitution of a tetrahydroxy-butyl group, 

R— CHOH— CHOH— CHOH— CHK)H 

the configuration of which could only be determined by total synthesis of 
riboflavin. It proved to be d-ribose. 

Photol3rsis of riboflavin in neutral solution in vacuo causes the disappear- 
ance of the yellow color with the formation of “deutero-leuco-ribo&vin" 
whidi can be dehydrogenated by oxygen. Alkali causes the dehydro- 
genated compound to be converted into the already mentioned lumi- 
flavin.** 

** R. Rubtt and T. W«fiier-Juiregg» At., 66 , 1677 <1933). 

R. Kuhn, H. Rudy «nd T. Wngnerjauregg, Ibid,, 66, 1960 (1933). 

H R. Kuhn, H. Rudy nad P. Weygand, Ibid., 66, 626 (1936). 

•i R. Kitkn, H; Rudy and T. Wagner-Jauragg, Ibid., 66, 1960 (1933). 
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CH,-i 


CHiOH 

(laiOH 

(!:hoh 

<!^hoh 



N 



N 

■ior 

Ao 

ImdUttUm in 

CHr-A 




alkftltne golutiou 

chJJ 


N 

CO 


Vr 

N 


:o 


Irridation to 
neutral or acid eolution 


Lumiflavin 

0,7,9-Trimethyl4so-alloxazine 


N NH 

N CO 


Lumichroine 

OJ-Dimethyl-alloxazine 


Lumiflavin contains a methyl-imid-group” which was not pr^ent in 
riboflavin, and which, therefore, must have replaced the misring sugar 
side chain. The hydroxyl groups of the side chain are therefore connected 
with the flavin ring system by k methylene group. Alkaline hydrolym of 
lumiflavin yields urea and an oxo-carboxylic add, CuHuNiOi**- *» (I), 
which contains one active hydrogen atom and exhibits the properties of a 
monobasic add upon titration. Since two molecples of water are required 
for the alkaline hydrolysis of lumiflavin, the urea must come from a ring 
system and not from a ride chain urdde or guanidino-group, which would 
require only ohe molecule of water for hydrol 3 rds. The oxo-add (I) is 
decarbosylated upon heating, yidding the lactam (II). By heating the 
lactam with sodium hydroxide, l,2-dimethyl-4-amino>5-methyl-amino- 
benzene (III) is formed. This o-phenylene-diamine gives a bluish green 
color rmction with ferric chloride, which is, according to Nodting, charac- 
teristic for p,p-disubstituted o-phenyloie-diamines. 

« a. Koln rad H. Rudy, Btr., «7. 1298 (1984). 

• R. Kuha rad T. WugMr-JanrcH, /Wd., M, 1677 (1988). 

» H. Kidia rad H. Rudy, IbU.. «7, 899 (1984). 
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Irradiation of riboflavin yields lumiflavin in alkaline solution and lumi- 
chrome, in neutral or in acid solution.'*® Lumichrome has the constitu- 
tion of 6,7-dimethyl-alloxazine, and is an intensely fluorescent compound. 
It is a derivative of alloxazine as proved by ssmthesis, whereas lumiflavin 
and riboflavin are derivatives of the hypothetical iso-alloxazine. Lumi- 
flavin and riboflavin have one active hydrogen atom in 3-position; luini- 
chrome contains active hydrogens in both 1- and 3-positions. 


N NH NH N 



Alloxazine Iso-alloxazine 

Riboflavin readily takes up two hydrogen atoms^K It is reversibly re- 
duced by hydrogen in the presence of a catalyst, by zinc in add solution, by 
sodium thiosulfate, by hydrogen sulfide in alkaline solution and by titan-^ 
ous chloride. The dihydro-compound is colorless, shows no fluorescence 
and is called leuco-riboflavin (leuco-lactoflavin). The leuco-compound 
is easily oxidized to riboflavin by air. The redoxy-potehtial of an equi- 
mdecular mixture of riboflavin and its leuco-compound is —0.21 volts.** 

^ P. Karrert H. Salomon, K. Schdpp, B. Schlitterand H. Friboiche. H«lv, Chim. Aciu, 17, 10 JO (1034). 

41 R. Kuhn. P. GyOrgy and T. Wagner-Jauregg, Ber., tfS, 676 (1933). 

4* E. S. G. Barron and A. B. Ua»Ung(i. J. Biol. Chtm^ lOS, Vll (1934). R. Bierich and A. Lang. 
2. physiol, Cktm., Z2S» 180 (1934). K. G. Stem. Biochtm. J., 38, 949 (1934). R. Kuhn and G. Mor 
titai. 97, 1220 (1984). R. Kuhn and P. Boulanger. /Nd.. 89, 1557 (1936). P. J. Stare. J, BM, 
TAem.. 113, 228 (1935). 
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It has been postulated that by reduction of riboflavin to the leuco- 
compound, three intermediate compounds result, which conrist of molecu- 
lar compounds of reduced and unreduced molecules.** Verdoflarin con- 
rists of riboflavin and monohydro-riboflavin, chloroflavin is a quinhydrone 
of riboflavin and leuco-riboflavin, and rlm/ajZavta-hydrochloride contains 
the hydrochlorides of leuco-riboflavin and monohydro-riboflavin: 


l!l N 



Kiboflavin (yellow) 




Verdoflavin (green) 


NH 



Chloroflavin (green) 


(Formula eoufiuug4 on foUtming page . ) 


«< R. Knlio and H. atrdbeUi. Bor., TO* 758 (1987). 
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N NH 



Rhodoflavin (carmine red) 




N NH 

H 

Leucoflavin (colorless) 



The existence of these intermediate stages is somewhat dubious, since titra* 
tion curves of the reduction process indicate the presence of only one inter* 
mediate/* Since the quinhydrone is the only form that exists in diluted 
aqueous solution, it seems reasonable to assume that only this form occurs 
under phyaological conditions. 

By energetic catalytic hydrogenation of flavins, octahydro-flavins are 
obtained** which are easily oxidized in alkaline solution by air to the cor- 
responding hexahydro-flavins. 


R 


CH N N 


H 


i h 

/ 
H 


C NH 

o 


CHs N NH 

hJ: <!:h ^ ^ 


R 


CHt N N 

<!» i: 


H, 


** U MUmcU* aad C. SehiraiaMilNieh, J. Biol. Chtm., tSS^SST (IMS). 
• 9. KMnr aad R. OMratd, Rte. »w. tUm.. ST. 600 a08«. 



163 


SYNTHESIS OP VITAMIN Bt AND OTHER PLAVINS 

7. Syntiiesis of Vitsmin Bi snd Otiier naviiis 

Alloxazities were first ^thesized by Kfihling* by condensation of the 
h 3 rdn>cfaloride of o-phenylene-diamine with alloxan : 

NH 

o^\o 

^ ot Ah 




Kuhn and co-workers" synthesized lumiflavin from alloxan and 1,2- 
dimethyl-4-aniino-5-methyl-amino-benzene in acid solution. The N- 
methyl-0-xylylene-diamine was obtained according to the following scheme: 




HNOi 




CH, 




HNOi 


NOj 


CH.-jS'^NO, 

ch,-4JLno, 

SOiCrH? 


CHr-V^'^NH, 

ch,-^JUno, 


<=H.C.H.K^ , CH^YVAh 

in psrridine nt 100* C. for 6 hr. 


SOiCrHi 


CH. 

I 


CH.-/VN-CH. 




NO, 


HiSOt 


CHr-^jLl 


CH. 

CH,- 

•Aj-) 


NH 


CH 


NH, 


oi 




:o 

Ah 


NHt 


(CMa)sSO« 


'NO, 

CH, 

N N 

ch.-YY^Ao 

ch*Aa/ 




NH 


Karrer and co-workers^ S 3 mthesized lumichrome similarly: 


NH 



« O, KQhUng, Bfr., 24, 2363 (1301); 2T, 2116 (1304); 23, 1063 (1806). O. KilhUng and O. KweliU. 
ibid., 30, 1314 (1006). 

« R. Kuhn. K. Rdncmund and P. Wcygnad. IM., 67, 1460 (1034). R. Kuhn and K. Rdnemund, 
IHd., 67, 1032 (1034). R. Kuhn, It. Rudy and K. Reinemund. Ibid., 63, 170 (1035). 

« P. Karrer. H. Salomon, K. SchOpp, B. SchUUer and H. Fritmchc, Hflr, Chim. Acta, IT, lOlO 
(1034). 
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According to the same principle, riboflavin is obtained from alloxan and di- 
methyl-amino-phenyl-ribamine : 



CHiOH 

(Ihoh 

I 


CHOH 

1 


CHOH 

1 


CHa 


•NH ^ 

CH.-V 

NH, 


NH 

od^o 

NH 


CHiOH 

^HOH 

^HOH 

^HOH 




The condensation of the 4,5-dimethyl-2-amino-phenyl-ribamine with al- 
loxan is carried out in acid solution. When boric acid is used as catalyst 
in acetic acid solution the yield of the condensation product increases 
considerably.^® 

The synthesis of the dimethyl-amino-phenyl-ribamine has been achieved 
by the following methods: 

1. c-Nitro-chloro-benzenes are condensed with aminO'Sugars and the 
reaction product hydrogenated to the diamine.*^® This method gives 
satisfactory yields when the sugar compound contains two or three hy- 
droxyl groups, but poor yields with sugars containing four and five hy- 
droxyl groups. 

CHr(CH0H)rCH20H CHr(CHOH)xCH,OH 



CH2(CHOH)rCH,OH 



2. c-Dinitro-xylene is condensed with ribamine in aqueous alcoholic 
solution and catalytically reduced to the corresponding diamine.^^ The 


R. Kuhn und F. Weygand. Bn .. 68, 1262 See altto K. Kuhn and A. H. Cook. An§iw 

C8fiii..60,6<10a8). 

M F. JCarrer. Salomon. K. Sehdpp and H. Sehlittcr. Chim. Acta, 19; 1 ISA ( J<>34). 1*. Karrer. 
ft. Sehtttter. K. Pfadtler and F. Bens. Ibid.. 17, 1816 rio:{*l). 

M R. Kuhn and F. Woygatid, Bn*.. 68, 1001 (103.1). 
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over-all yield of riboflavin according to this process is 4.5% of the ribose 
used. 



3. 3,4-Xylidene®* is condensed with ribose and the formed riboside is 
catalytically reduced. The second amino-group is introduced by coupling 
with diazonium salts to form azo-dyes, which by reduction yield the de- 
sired diamine:^* 

R CH— R 



This method gives very high yields on riboflavin (38%) calculated from 
the required ribose, but cannot be used for the preparation of any other 
flavin. Only m-p-disubstituted aniline derivatives couple with diazonium 
salts in o-position. Phenyl-glucamine, for example, couples in p-position, 
yielding (I); p-toluene-glucamine yields (II). 

CHtOH 


N««NR 

(ID 

** P. Kunr, B. Bwlwr, P. Bout, P. Pni. H. SiUomaa uul K. ScbOpp, U'th. CMm. Atla, I4U 
(t9U). W. A. WlMtukjr mad H. Aubidw. J. Am. Cktm. Sot.. «3, 3«B3 (IMt). 

M P. Kunr uMl H. Mmnmin. Hth. CUm. Aria, IB, IISO (IMA): IB, 


•(CHOH) 4 -CHrNH— N=-NR 

(1) ^ ^ 

3H-(CHOH)«CHrN— V -CH. 



1(16 


VITAMm Bf— S 1 B(» 1 AVIM 


4. 0 -Nitro-xylidine is condensed with ribose and the reaction product is 
catal}rtically reduced to the diamine.*^ This method yidds 16% riboflavin 
calculated on the amount of ribose used. 



CBOK 


CH,-/V-NHi»(CHOH)ilHCH*OH 


^ airU^JUNO, 

CHr-j/V-NH-CHtCCHOHVCHjOH 

:JJLnh. 


CH, 


The intermediate is an amino-glucoinde which exists in an equilibrium with 
the tautomeric Schiff base: 



The Schilfl base can also be reduced partially to the o-phenylene-diamine- 
gluconde which after acetylation of the free hydroxyl groups may be con* 


CH,— /^NHCH(CHOH)rCHCHtOH 

CHr\JLNO. 


CHr-i^Y-NH(lai(CHOH),<!:HCHtOH ^ 

CHr-\jl-NH, * 


6H(CHOH)t 
N 




CHfOH 



M R. Rtikfli fUMt R. atrttbele. Rfr.. 70, 77a (t(IH7). R. Kuhn. K. RcinMttund, K. and R. 

RifObtte, JH4., dis \7U <1900). 
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densed with alknun to the corresponding acetylated fla^-^lucoside.** 
The latter upon saponification yields the free gluco^de. Plavin-g^ucostdes 
do not exhibit the phySi<dogical properties of vitamin Bt. 

.1. iV-Mono-acyl-o-phenylene-diamines condense with sugars to the 
Schiflf bases which are reduced amultanepusly to the i\r-( 0 -acyl-amino> 
phenyO-amino-sugars.** These are condensed in acid solution with alloxan 
to the corresponding flavins. The acyl groups are automatically saponified 
during the reaction. The jrields on flavins according to this process are 
extremely low, since the main reaction is an intermolecular dehydration 
which yields benzimidazole derivatives. 


CH-K 




Hrf) 


CHrR 



0. In the preceding method, one amino-group is temporarily protected 
by acetylation while the other amino-group is condensed with ribose. 
A better method is the protection of the amino-group by the carbethoxy- 
group."*^ 

» R. Kuhn and R. StrSMe. Bir., TO, 747 (1»37). 

" r. Kmtr, K. SebS|>p, F. Bcac uid K. PfMhIer, MOi. Ckim. AOa, IR W <1«35); Btr., tB, 31< 

(less). 

n P. Kairer, K. SehSpp, F. Bern and K. Pfachler, Hih. Ctim. AOa, IS, 60 (lOSS). P. Kamr, E. 
SehSpp and P. Bcncj ttU., IS. 4S6 (1986). H. v. Kider, P. Kamr. H. Malaibcrs, K. SehSpp, F. Bans, 
B. Becker and P. Fni, lUd., IS, 533 (1936). P. Karrcr, H. Satomon, K. SehSpp. F. BensMd B. Backet. 
I»M., 19,908, 1148, 1436 (1986). P. Kamr and F. M. Straai, tM., IS, 1848 (1986). 
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The urethane can be prepared by one of the following procedures: 

CHrV\-NO, 


(a) 




OOC-CtHt 


-NH, 




Ht 


NHCOOCiHi 


CHr-/^NH, 

CHr-4^jJLNHCOOC,Hi 


(6) 


CHr-ZV-NO, 


COCU CHr^Y^NO^ 

^ CHr-4^JL-N«=CO ^ 


CHj 




CH,~/V-NH, 


NHCOOC,H» 




-NHCOOC.H. 


M 


CHr--|A 

ch,J^^JLnh, 


CHrY^NO* 

CHr-^JLNHCOOCjHi 



The yield of riboflavin according to this procedure is approximatdy 14- 
15% of the ribose used. 

7. While in the procedures described under (1 to 6) (f-ribose has been 
used as an intermediate* it is also possible to use some other sugar deriva* 
tives. A very elegant method”* for the preparation of dimethyl-amino- 
phenyl-ribamtne is to condense 3*4-xylidine with d-arabinose in the pres- 
ence of small amounts of acid to form the d-arabinoside which upon heat- 

^ F. WemiH). 0er, 74* 1264 (1M0>. 
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ing to 75° C. undetgoes an Amadori-rearrangement to the d-iso-arabinos- 
amine. Upon catalytic hydrogenation in alkaline solution the d-iso- 
arabinosamine is converted into 3,4-diinethyl-phenyl-d-ribainiiie. This 
compound is obtained in about 13% of theory from the arabinose origi- 
nally used. The arabamine is then coupled with a diazonium salt and 
reduced to the desired diamme as described under (3). 


CHjOH 
H-h^— OH 
H— d— OH 
HO— H 

+ dno 

CHrJ^^NH, 


CHiOH 

H— d 

H— d— OH 

HO— C— H 

I 

CH 


CH, 


CHr-|f^— NH 

CHr-JJ 


CH,OH 

CHgOH 

1 

1 

H— C-~OH 

H— C-OH 

j 

1 

H— C— OH 

H— C— OH 

io 

H— (!:— OH 



8. 3,4-Xylidine is condensed**** reductively with tetra-acetyl-ribono- 
nitrile which is obtained from ribonic add via the amide. The dimethyl- 
phenyl-ribamine is then coupled with para-nitrophenyl-diazonium chloride 
and reduced to N-tetra-acetyl-ribitylamino-2-amino-4, 5-dimethyl benzene 
according to the promlure described under (3). It has been recommended 
to condense the last mentioned compound with 5,5'-dichIoro-barbituric 
acid to obtain vitamin Bs instead of using alloxan as has been described 
ineviously. 


Mb M. IfaUer lUid ]. W. WdlmaB. U. S. P. 2 ZSIAVS. 
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CHiOH 
(H — i— OAc)i 

<!:n 

+ 


CHsOH 



NH 

CO^O 
atp NH 


CHtOH 



8. Industrial Methods of Preparation 

The relative technical importance of natural versus synthetic vitamin 62 
is dependent on the use for which the vitamin is intended. For animal 
foods, various riboflavin preparations from natural sources such as yeast, 
whey or anaerobic growing fermentation bacteria, for example, from butyl 
alcohol fermentations, are used. The riboflavin content of these prepara- 
tions varies considerably and must be standardized. For human therapy, 
the use of pure riboflavin is preferred. Since the isolation of pure ribo- 
flavin is more expensive than the synthesis thereof, synthetic vitamin B2 
is generally used clinically, especially in cases of an exclusive vitamin Bs 
deficiency. 

The [^thesis of vitamin Bs is carried out according to the methods de- 
scribed in the preceding section. The starting materials are <>-xylene, 
d-ribose and alloxan. ^-Xylene is available as a by-product from the pe- 
troleum industry. d-Ribose is obtained either from natural sources or by 
synthesis. A convenient method for the preparation of small amounts of 
d-ribose is the hydrolysis pf yeast-nucleic add.^ %nthetic d-ribose is pre- 
pared from d-glucose.**» •• Alloxan is usually obtained by oxidation of 
uric add or barbituric add. 


« H. Bredenck, Ber„ 71, 408 (1938). H, Bredercck. M. KMhnig mttd B. Berger^ Ibid.. 73, 930 
(1940). 

u W. C. Austin mod P. L. Humoller, J. Am. Chem. Soc.. 88, 1138 (1934). 

•> R. Kulm, K. Retncmuml, P. Weygmd and R. Strdbele, Btr., 88, 1763 (1985). 
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9. Ftaviii-BiugnneB 

(a) Eftzyme Systems Containing Riboflavin 

Riboflavin takes part in a numb^ of different enzyine sjrstems in tis- 
sues. These systems consist of an apoenzynie and a coenzyme. The apo- 
enzyme is a specific protein and is also called pheron, bearer protein, or 
“Zwischenferment.** The ooenz 3 mie constitutes the prosthetic group of 
the enzyme system and contains riboflavin as part of its constitution. 
There are two different riboflavin-containing coenzymes, namely, a mono- 
nucleotide and a dinudeotide. The mononudeotide has the constitution 
of a riboflavin-phosphate while the dinudeotide is a riboflavin-adenine- 
dinucleotide. (For details see page 177.) These coenzymes combine with 
different apoenzymes to carry out spedfic reactions. The same co- 
enzyme can serve as the prosthetic group of a number of different apo- 
enzymes. The function of all enzyme systems is to transfer hydrogen, for 
example, in the carbohydrate and amino-add metabolism. In the carbo- 
hydrate metabolism, for example, the substrate is oxidized by dehydrogena- 
tion through the nicotinamide-containing enzymes, whicji are reduced in 
this process to the dihydro-compounds which in turn are oxidized by the 
riboflavin-containing enzymes. Thus the dihydro-nicotinamide enz 3 rmes 
serve as substrates for the riboflavin enzymes which are converted into 
dihydro-derivatives (see page 180). The dihydro-compounds are then re- 
oxidized to the corresponding riboflavin-coenzymes by a number of spedfic 
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•> D. B. Gr«cn. W. B. Knox Md P. K. Stumpf, /. Biol, Chom., IM, 775 









172 


VITAMIN Bj— RIBOFLAVIN 


reactions. Thus, the hydrogen may be transferred to fumaric add or may 
react directly with oxygen or incUrectly through the c3rtochromes o, b 
or c. The Cerent reactions which are catalyzed by the riboflavin- 
containing coenz 3 mies and which have been elud^ted are summarized in 
Table 1. 

Some of the enz]rmes listed in Table I apparmitly have a second pros- 
thetic group in addition to the riboflavin-coenzyme. This other compound 
is characterized by a brownish color but has not been identified. It has 
been observed in the flavin-enzymes isolated from milk (diaphorase, aldjb- 
hyde- and xanthine-oxidase), from liver (aldehyde-oxidase) and from top 
yeast (action not characterized). Whether or not the group with titt 
brownish color is the same in these three flavin-enzymes has not been establ 
lished. \ 

The reactions catalyzed by the flavin-enzymes as indicated in Table l\ 
are discussed more fully below. 

Oxidation of the Codehydrogenases I and 11. This reaction can be 
accomplished by enzymes containing either the riboflavin mono- or di- 
nucleotide in the presence of specific apoenzymes. The mononucleotide- 
containing flavin-enzyme is the “old" yellow enzyme of Warburg and Chris- 
tian.** It is purified by adsorption methods**’ ** or by cataphoresis,** 
has a molecular weight of about 70,000** and a redoxy-potential of —0.06 
volts at pH 7.0 and 20° C. It is split into the apoenzyme and the coenzyme 
by denaturation of the apoenzyme with methanol or by dialysis against 
dilute hydrochloric add. A resynthesis of the enzyme from the apo- 
enz}rme and the coenzyme can be accomplished. Riboflavin, if added to 
the apoenzyme in large excess, forms an active flavin-enzyme** although 
the union is not quite as firm as with the mononudeotide. The riboflavin- 
adenine-dinudeotide is also able to combine with the specific apoenzyme 
and to react like the “old” yellow enzyme. The chemistry of the apo- 
enzyme is largdy unknown, but by hydrolysis the following amino-adds 
have been obtained in a total yield of 65%: arginine, histidine, lysine, 
proUne, tyrosine, phenyl-alanine, tryptophane, C 3 rstme and glutamic add.** 
The “old" ydlow enzyme dehydrogenates codehydrc^ienases I and II and 

** O. Wftrburg and W. Christian, NaturwissenschafUn, 20, 6S8, 080 (1082): Bioehtm. Z.» 284« 438 
(1032); 287a 408 (1033); 206, 377 (1983). 

» P. Weygand and H. Stocker. Z. pkysM Ch$m„ 247, 167 (1037). 

P. Wey^d and L. Birkofcr. Ibid., 261, 172 (1939). 

«^H.TJieoren. Btochwm. Z., 278, 87, 344 (1084); 278, 263 (1085). 

» K. Theonll. Ibid., 278, 270 (1085). R. A. Kekwiek and K. O. Pederson. Biochtm. J., 30, 2201 
(1036). 

» 2L. Itubn and H. Ritdy. Ber., 69, 2557 (1036). 

Kuhn nod P. Desnuelle, Ibid., 70, 1907 (1087). 
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the dihydro-form is dehydrogenated by oxygen. The rate of the last re- 
action is a function of the partial pressure of the oxygen present. In ani- 
mal tissues the oxygen tension is so low that the oxidation can hardly be ac- 
complished. Thus this reaction of the reduced riboflavin-coenz]rme with 
oxygen demonstrates a chemical function of the molecule but not its 
real physiological action. The reaction product of oxygen with the re- 
duced riboflavin-coenzyme is hydrogen peroxide which destroys the life of 
the cells. The latter has been demonstrated in the case of anaerobic grow- 
ing lactic acid bacteria. Thus, if the '*old’’ yellow enz3rme plays an essen- 
tial function in the living organism, an oxygen transporting system must 
take care of the dehydrogenation of the dihyd]::o-riboflavin-enzyme. It has 
been observed that cytochrome c reacts with the reduced “old'* yellow 
enzyme, but this reaction is too slow to be considered of physiological im- 
portance.®®* Fumaric acid^^* and glyoxal^* have been suggested as sub- 
stances capable of oxidizing the, dihydro-riboflavin system but convincing 
experimental evidences to substantiate these conceptions have not been re- 
ported. 

An enzyme containing the riboflavin mononucleotide but an apoenzyme 
different from that of the “old” yellow enzyme has been found in the cyto- 
chrome c oxidase. This enzyme catalyzes the dehydrogenation of the code- 
hydrogenase II and the reduction of the oxidized form of cytochrome 
under physiological conditions. 

Besides the enzyme systems which contain riboflavin mononucleotide 
and react with the dehydrogenases, there, are enzyme systems which contain 
the dinucleotide and which are capable of carrying out the same reactions. 
They are called the “diaphorases,”’* “coenzyme factor”’^® or “pyridine 
nucleotide oxidase,” and occur in animal and in plant tissues.’’ The en- 
zymes from heart, skeletal muscle and yeast are apparently identical.’®* ’•* ®® 
The same enzyme or enzymes also occur in bacteria.®^ There are two dif- 


» H. Tbeorell, Angew. Chem.. 51, 738 (1938). 

^ H. Theordl, Nature, 138, 687 (1936); Biochem, Z., 288, 317 (1936); 279, 463 (1935). 

E. Adler and H. v. Euler, Arkiv. Kami, Mineral. Geol., B12, No. 36 (1937). 

A. Saeat-Oydrgyi. Z. physiol, Chern,, 244, 105 (1936). 

T. Berstn, 3. B. Ces. Bef. ges. Naturw. Marburg, 71, 56 (1936). 

B. Haas, B. L. Horecker and T. R. Hogness, J. Biol. Ckem., 136, 747 (1940). 

» H. V. Euler and H. Hellstrdm, Z. phystiA. Ckem., 252, 31 (1938). K. v. Euler and R. Haiae, 
Naturufissensckafien, 26, 187 (1938). H. v. Euler and G. GOnther, ibid., 26, 676 (1938). 

» J. G. Dewmn and D. B, Green. Biochem. J,. 32, 626 (1938). P. B. Straub. H. S. Corran and D. B. 
Green, Nature, 143, 76. 119 (1989). 

” B. E. Lockhart, Biochem. J., 33, 613 (1989). 
n P. B. Straub. Ibid., 33, 787 (1989). 

H. S. Cortan, O. B. Green and F. B. Straub, Ibid., 33, 793 (1989). 

B. Haas, Biochem. Z., 298, 878 (1988). 

D. B. Green and J. G. Dewan, Biochem. 32, 626 (1938). 
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ferent diaphorases, namely, diaphorase I whidi dehydrogenates codehydio- 
genase I, and diaphorase II, yrhidi dehydrogenates oodehydrogenase 11.“ 
The reversed reaction, the ddiydrogenation of the reduced diaphorases, is 
probably carried out by qrtoduomes a and b. It liaa been shown experi- 
mentally that diaphorase I reacts with cyctodirome and smne evidence 
has been obtained for the participation of Qrctochromes a and b in the de- 
hydrogenation of the diaph<nases.“ 

The apoenzyme of the diaphorase I has a molecular weight of about 
70,000. It appears that the combination of the apoenzyme with the jco- 
enzyme is rather loose and that tlw coenzyme may change from one 
apoenzyme molecule to another with considerable speed. On the other 
hand, the same qiecific protein may possibly serve as apoenzyme for bou 
the coenz 3 rmes of the riboflavin and the nicotinamide type.** One mol of 
the diaphorase catalyzes the oxidation of about 8000 mols of codehy<h^ 
genase I under optimum conditions in a S3mthetic system containing 
methylene blue as an oxygen carrier.** 

Through the codehydrogenases the riboflavin-enzyme ^tems take 
part*' in the reactions carried out by the nicotinamide-containing en- 
zymes** (see page 227), such as in the dehydrogenation of hexose-mono- 
phosphate in yeast** and muscle, •• of alcohol in yeast,** of glucose in liver,** 
of malic add in musde,** of lactic add in musde,** of dtric add in 
musde and in plant cells,** of dioxy-acetone-phosphate in yeast, “ of 
glycetin-aldehyde-phosphate in yeast** and of glycerin-phosphoric add in 
seeds.* 


•• B. Adler, H. v. Euler, G. GOnther and E. D. Plan, Skand. Arek. Physiol., 82, 61 (1»36). B. Adler, 
H. V. Euler and G. Cttnther, Nafur$, 143, 641 (1989). B. P. Abraham and B. Adler, Biocktm. J., 34, 
119 (1940). 

K. Okunuki and B. Yokunzi, Proc. Imp. Acad. {Tokyo), 16, 144 (1940). 

** J. G. Dewan and D. E. Green, Bioehem. J., 32, 626 (1988). 

B. Haas, Bioehem. Z., 290, 291 (1937). 

M B. Haas, Jbid., 296, 378 (1938). H. S. Corran, D. B. Green and P. B. Straub. Bioehem. J.. 33, 
793 (1939). 

« H. Theorell, Brgeb. Bnwymforsek.. 6, 132 (1987). O. Warburg, Ibid., 7, 210 (1938). 

O. Warburg, W. Christian and H. Griese, Bioehem. Z., 282, 137 (1933). 

«0. Warburg and W.ChrisUan,/3<d., 254, 438 (1982); 287,492(1933); 266,377(1933). 

T. Wagner- Jauregg, Z. physiol. Chem., 231, 33 (1985). 

«i H. V. Buler and B. Adler, Ibid., 226, 193 (1934). 

» B. Adler and H. v. Buler. Ibid., 232, 6 (1935). 

M T. Wognev-Jauregg, Ibid., 228, 273 (1934); 231, 53 (1983). B. Adler and M. Miehaelis, Ibid., 
238, 261 (1933). 

•«B. Adler and M. Miehaelis. /hid.. 235, 134 (1933); 238,261(1986). T. Wagner- Janregf hud B. P. 
Mdllcr, Ibid., 236, 216 (1935). 

M T. Wagner* Jauregg. Ibid., 233, 215 (1935). 
n H. V. Buler. B. Adler and H. HeBstrOm. Ibid., 241, 289 (1986). 

97 H. V. Buler. B. Adler and H. Hellstrdm, XHd., 241, 289 (1936). 

M T. Wagner^Jaitregf and H. Roiten. IM., 237, 288 (1983). 
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Ozidation of if-Amino-acids* The oxidation of the antipodes of the 
naturally occurring amino-adds into oxo-adds is carried out by an enz 3 rme 
system containing riboflavin-adenine-dinudeotide**-^®^ according to the 
following reaction scheme 

R— CH— COOH „ R^C— COOH ^ R— C--COOH + NH, 

I - H, |. ^^ aO I, 

NH, NH ^ O 


One mol of the riboflavin-adenine-dinucleotide transports in the presence 
of an excess of the apoenzyme approximately 2000 mols of oxygen per 
minute at 38^ C. The apoenzyme has a molecular wdght of about 65,000. 
The coenzyme is highly dissodated from the apoenzyme in solution, but the 
reduced coenzyme apparently is not dissodated. 

Oxidation of Xanthine. By means of an enzyme system containing 
riboflavin-adenine-dinudeotide plus an unknown colored compound, 
several purines, primarily xanthine and hypoxanthine, are dehydrogenated 
to uric add:^®*""'®® 



3 4 • 

Hypoxanthine 

6-Oxy-purine 


+ H*o 

^ 

- Hi 


N—C- OH 



Uric add 

2,6,8-Trioxy-purine 


N—C—OH 



Xanthine 

2,6-Dioxy-piirine 


+ HfO 

^ 

- Hi 


The conversion of hypoxanthine to xanthine and the conveirion of xanthine 
to uric add require the presence of the same riboflavin-enzyme. One mol 


M o. Warburg and W. ClirUtian, Bioch$m. Z.. 295, 201 (1988); 298, 150 (1988). 

B. Negatein and H. BrOmcl, IM,, 300, 225 (1989). 

P. B. Straub, 141, 608 (1988). 

H. A. Krebs. Z. physiol. Chm., 217, 191 (1988); 218, 157 (1988); Sioehim. 29, 1680 (1985). 
»» £. G. Ball. Scssnsf. 88, 181 (1988); Angfv .Clwfn.. 51,788 (1988); BM. Chom., 128, 61 (1989). 
*** H. S. Corran and D. E. Green. Bioekem, J., 32, 8281 (1938). 

D. B. Green and H. S. Corran. Angsv. Chom., 51, 788 (1988). 

^ H. S. Corran. J. G. Oewan. A. H. Gordon and D. B. Gteen, Biodtm. 34, 1694 (1989). 
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of the coenzyme catalyzes the oxidation of about 300 mols of hypoxanthine 
or xanthine per minute. The oxidation rate of other purines is consider- 
ably dower. 

The same enzyme system is also able to effect an anaerobic dismutation of 
xanthine to hypoxanthine and uric acid: 

2 xanthine , - hypoxanthine -f uric acid 

This is an equilibrium ration and xanthine can therefore be formed from 
uric add and hypoxanthine.'®** 

This riboflavin-containing enzyme, xanthine oxidase, occurs, for exir 
ample, in milk and liver. The apoenzyrae has a molecular weight of about 
280,000"® and probably binds two riboflavin groups per molecule in addi-\ 
tion to some other unknown colored group which may act as coenzyme. » 
The apoenzyme is different from those of the other riboflavin-containing 
enzyme systems. 

Oxidation of Aldehydes* The enzyme which catalyzes the oxidation 
of aldehydes to carboxylic acids, for example, propionic aldehyde to pro- 
pionic add, was originally observed in milk and is called aldehyde oxidase 
or Schardinger enzyme."' The aldehyde oxidase from liver"®* "* con- 
tains the riboflavin-adenine-dinucleotide and is specific for the oxidation of 
aldehydes. The aldehyde oxidase from milk also acts as xanthine oxidase 
and as dihydro-codehydrogenase I oxidase. Whether or not these en- 
zymes are identical has not been decided. There is also a discrepancy of 
opinion as to whether or not the aldehyde oxidase and xanthine oxidase 
from liver are a single compound or a mixture of compounds. Much 
evidence has accumulated which favors the view that a single compound 
acts as an enzyme in milk for the oxidation of both xanthine and alde- 
hydes."** "® If that is the case, the aldehyde oxidase from liver must be 
a different compound. 

Oxidation of Diamines. A riboflavin-containing coenzyme of un- 
known composition takes part in the enzymatic conversion of di- and poly- 


w M. Dixon. Enwymologia, 5, 198 (1938). L. Reichel and W. Burkart, Z. physiol. Chtm., 280, 135 
(1939). 

M D. B. Greea, BMum. J., 2S, 1550 (1934). 

M* S. Pillitti. /. €him, pkys., 32, 1 (1935). 

J. S. L. Pfaiiiwt. Biochem. J., 32, 2240 (1938). 

F. S^karditager. Z. UtUersueh. Nahr. u, Ggnmssm.^ 5, 1113 (1902). 
nt V. Subralimanyaii. D. B. Green and A. H. Gordon, iVafnre, 144, 1016 (1939). 

A. H. Ckirdoti. D. E. Green and V. Subraknianyan, Biofksm* J., 34, 784 (1940). 

V. H. Booth. /5td.. 32, 494 (1938). 

M. Dixon. Bmtymolvgia, 5, 198 (1938). L. Reichel and W. Bnrkart. Z. pkysiot. Ckgm,, 200, 135 
(1939). 
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amines into amino-aldehydes.^**' This action is similar to the oxidation of 
d-amino-adds, but the en^mes (at least the apoenzymes) involved appear 
to be diflFerent, The amines studied in this reaction are primarily his- 
tamine, cadaverin and spermin. 

Oxidation of Glucose. The oxidalioti of glucose to gluconic add in 
yeast is carried out with the aid of an enzyme which contains ribofla- 
vin.iw* The manner in which riboflavin is bound in this enzyme sys- 
tem is not known. 

Reduction of Famaric Acid. In yeast, fumaric acid is reduced to suc- 
dnic add by an enzyme system which contains riboflavin-adenine-dinucleo- 
tide.**® Per mol of dinucleotide 200Q-3000 mols of hydrogen are trans- 
ported per minute. This enzyme is also able to reduce other compounds, 
sudi as maleic acid, crotyl-alcohol, phenyl -crotyl-alcohol and geraniol, 
but the rate of reduction is less than */bo that of the rate of fumarate re- 
duction. The specificity of the apoenzyme has not been determined, but it 
appears probable that the apoenzyme of at least one of the oxidases previ- 
ously discussed is identical with that of the fumaric hydrogenase. 

Reduction of Cytochrome a, h and c. The reduction of the oxidized 
form of the cytochromes is linked with the oxidation of the dihydro- 
codehydrogenases (see page 174). 

(6) Coenzymes Containing Riboflavin 

Riboflavin-5 ^-pl:o>phoric Acid (Riboflavin-mononucleotide). Ribo- 
flavin-5 '-phosphoric acid w^s first obtained from heart muscle and was 
characterized as a yellow water-soluble dye. This compound was given the 
name “cytoflav.'’*^® The position of the phosphoric acid in the riboflavin 
molecule was established by oxidation with periodic acid.*** Formalde- 
hyde was not obtained as a reaction prpduct as would be expected in case 
a free primary hydroxyl group should be present in the 5'-position. This 
result was confirmed by synthesis which was carried out according to the 
following scheme:*** 


B. A. Zetler. R. Stern and N. Weak, Htlv, Chim. Acta, 23, I (1940). 

W. Franke and M. Deffner. Ann., S41, 117 (1939). 

»• D. Mueller. Biochem. Z., 199, 136 (1926); 205, 111 (1929); 213, 211 (1929); 232, 423 (1931). 
W. Franke and M. Deffner, Ann,, 532, 1 (1937). 

F. G. fisher. A. Roedig and K. Rauch, Naiwvisunschajttn, 27, 197 (1939). P. G. Fisher and H. 
Bysenbach. Ann., 529, 87 (1937); 530, 99 (1937). 

1. Bangs and A. Sseat-GyOrgyi, Biochem. Z., 246, 203 (1932). 

P. Karrer. P. Frei and H. Meerwdn. Helv. Chim. Acta, 20, 79 (1987). 

•« R. Kuhn. H. Rudy and F. Weygand. Ber., 60 , 1543 (1936). R. Kuhn and H. Rudy, ibid., 69, 
1974 (1936). 



178 VITAMIN Bt — RIBOFLAVIN 

CHrCHOHCHOH-CHOHCHfOH 
^ N 



Riboflavin 


5'<Trityl-riboflavin 


CH,‘CHOHCHOHCHOHCH,OC(C*H,), 
l!l N 


CH, 


CHj CHOAc dHOAc CHOAc CHjO Trityl 
N N 



2' 3',4'-Triacctyl-5'-trityl-riboflavin 


CHrCHOAcCHOAcCHOAcCH,OH 


N N 

ciwYY^o 

2^^^4'-Txiaoetyl-1ibQflavitt 


POCIs 


CHs.CHOAc-CHOAc-CHOAcCHsOPOsHs 



2^3^4^*Tnacetyl-ribaflavill^'-phofi^llate 


CHrCHOHCHOHCHOHCHsOPOiHt 



N 

CHr-f 


CHr-\ 

Aa/” 


NCO 


Riboflavin-fl'-phosphatc 



FLAVIN-BNXVMBS 


m 


The phosphorylation of ribc^vin in vitro has also been carried out by a 
phosphatase coricentrate prepared as a dry powder from the intestinal 
mucosa of rats, cats and pigs,”* and by a glsrcerol esctract of the small in> 
testine of rats in 0.01 molar phosphate solution,”* 

The properties of riboflavin-5'-phosphoric add cmre^nd dosely to 
those of the free riboflaAdn. The ester is condderably more soluble in 
water than the free riboflavin, and can be predpitated in the form of vari- 
ous salts. Lumiflavin and lumichrome, respectivdy, {u% formed upon ir- 
radiation similar to the formation of these compounds from riboflavin. 
In cataphoresis experiments, ribofladn does not move; the phosphoric add 
ester, however, migrates to the anode. 

In neutral solution, the ester is quite stable. Hydrolysis occurs rapidly 
in add solution, but considerably more slowly in alkaline medium. The 
ester is also hydrolyzed by phosphatases, sudi as the a-glycero-phosphatase. 

Riboflavin-5'-phosphoric add combines with spedfic protdns, the apo- 
enzymes, by attachment at two points, namdy, at the phosphoric add 
group and at the slightly addic imino-group in 3-position of the riboflavin 
molecule. In accordance with this conception, flavins which are sub- 
stituted in the 3-position do not form enzyme ^terns'** and are also devoid 
of vitamin activity. Furthermore, the typical fluorescence of riboflavin is 
dependent upon the presence of a free 3-imino-group and ndther 3-sub- 
stituted riboflavins nor the enzyme systems exhibit fluorescence. 

Ribofiavin-adenine-dinucleotide. The riboflavin-adenine-dinucleo- 
tide has the composition CnHj|OuN»Pt and forms salts such as a mono- 
barium and mono-sodium salt. The constitution of the dinudeotide has 
not been well defined. By dizymatic*** or by add*** hydrolysis, the di- 
nudeotide is split into two mononudeotides, namdy, into riboflavin-5'- 
phosphoric add and adenylic add (adenodne-5'-monophosphoric add). 
(See formula on following page.) 

The dinudeotide is widdy distributed in animal tissues and in taicro' 
organisms. It is also believed to occur in plants. It has been isolated from 
liver, kidney, heart, musdes, Jensen-sarcoma (a spedal t]q)e of rat tumor) 
and yeast.***’ **• The isolation involves a denaturation of the apoen- 

■» H..Httbiier and V Vtnit, HMt. Chim. Aela, 21, 1006 (10S8). R. Pulvat and F. Vendr, Emymnl 
ulia, 6, 333 U089). 

H. Rudy, Naturwissenseh^uit, 23, 286 

» R. Kubn and H. Rudy, Jfar., W, 2687 (1986). 

« O. WarbiuK and W. Cbriatian. BieOam. Z., 208, ISO, 368 (1938). 

B. P. Abraham, Biockm. J.. IS, 643 (1939). 

■» P. Kamr, P. Prai and M. Mecrnein, Bala. Chim. Aela. 20. 79 (1937). P. Katrer. P. Prd. B. H 
Kiiugier and H. Bendaa, lUd.. 21, 826 U9S8). 

>»0. WarbntK. W. Cbriatian and A. (Vricw. Biaehem. Z.. 298. 261 (1938); 207, 417 (1938): 200 , 
ISO (loan. 
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zyme by heat treatment (75® C.) followed by extraction with phenol. 
From the phenol solution the dinucleotide is extracted with water in the 
presence of ether. From the acidified water solution the dinucleotide is 
precipitated as the silver salt and after conversion into the barium salt the 
latter is recrystallized from water. 

Riboflavin-adenintf-dinucieot ide 


CHrCHOHCHOHCHOHCHaOPO^H, 

I 


N N 



NH 

N ^ 
Riboflavin>5 '-phosphoric-acid 


-O- 


NssC— NH^ 

1 1 XH CHOH CHOH CH CH*OPO,H, 

CH C— N< 

Adenylic acid 


(c) Mechanism of the Coenzyme Action 

Riboflavin acts in various enzyme systems by reversibly accepting and 
donating two atoms of hydrogen. This is accomplished by the addition 
of hydrogen tp the 1- and 10-positions of riboflavin, thus forming the 
previously discussed dihydro- or leuco-riboflavin (see page 100). 
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10. Specificity 

Ribofiavin is the only n^turaHy occurring flavin with vitamin Bj activity. 
A great number of flavin-compounds have been prepared S 3 mthetically and 
have been tested for vitamin activity. Besides riboflavin, the following 
compounds were found to exhibit vitamin B* activity: 

7-Methyl-9-(d, 1 '-ribityl)-isoalloxazine. 

6-Methyl-9-(d, 1 '-ribityl) -isoalloxazine. * 

6- Ethyl-7 -methyl-9-(d, 1 '-ribityl)-isoaUoxazine. ‘ 

Whereas rats need about 5 y of riboflavin per day, they require about twice 
as much of these three compounds. Similar results are obtained when 
lactic acid bacteria are used for the evaluation of the vitamin activity.^** 

The following compounds possess some stimulating* activity for rats and 
lactic acid bacteria in the presence of suboptimal amounts of riboflavin : 

6,7-Dimethyl-9-(/,l'-arabityl)-isoalloxa2ine.^** 

G,7-Dimethyl-9-(d,l'-arabityl)-isoaUoxazine.^®*» 

7 - Ethyl-9-(d, 1 '-ribityl)-isoalloxazine. 

(i,7-Trimethylene-9-(/,l'-arabityl)-isoalloxazine.^*^ 

0,7 -Tetramethylene-9- (/, 1 '-arabityl)-isoalloxazine. 

Riboflavin-tetra-acetate and diacetonc-riboflavin are active on rats, prob- 
ably due to hydrolysis in the organism. The tetra-acetate is, however, 
inactive on lactic acid bacteria. The 5 '-phosphoric add ester of ribo- 
flavin^’^ and the flavin-adenine-dinucleotide show full vitamin activity. 
The flavin-glucosides are inactive. 

Generally speaking, substitution in 6- or 7-position is necessary for the 
vitamin activity. Absence of substituents in both positions is accom- 
panied by high toxidty.’*® An unsubstituted imino-group in 3*position is 
also necessary. Riboflavins which are alkylated in 3-position are totally 
devoid of vitamin and coenzyme activity. 

P. Karver. H. v. Buler, M. MalmlirrH and K Schopp, Svensk Sem. Tid.. 47, 153 U936). P. Kar 
rer, H. Sidomon, K. Schdpp, F. Bens and B. Becker, fide. Chita, Acta, 18, U<I8 U935). 

P. Karrer and T. H. Quibell, Helv. Chim. Acta, 19, 1034 (1936). 

P. Rairer. H. Salomon, K. Schdpp, B. Schlstter and H. Fritasche, Ibid., 17, 1010 (1934). 

H. V. Bitter. P. Karrer. M. Malmherg. K. Schdpp, P. Bens. B. Becker and P. Frei. Jbid., 18, 522 
(1935). P. Karrer, H. v. Buler, M. Malmherg, K. Schdpp and F. Bens. Svensk, Kcm. Tid., 47, 99 
(1935). P. Gydrgy, Z. Vitaminfotsck., 4, 223 (1935). 

H. V. Euler, P. Kaner and M. Malmherg. Hdv. Chim. Acta, 18, 1336 (1935). 

Viumttt activity questionable. 

P. Karrer and T. H. Outhell, Hdv. Chim. Acta, 19, 1034 (1936). 

‘w R. Kuhn. H. Vetter and H. W. Rteppa. Bar., 70, 1307 (1937). 

P. Gydrgy, Pror. Soc. Exptl. Biol. Mod,, 35, 207 (1986). 

R. Kuhn and P. Boulanger, Z. physiol. Cham., 241, 233 (1936). 



182 


VTTAiaN Bt~iUBOFLAVIN 


11. Detenniaatioii 

(a) Physical Methods 

1. Detennmation of the Absorption Spectrum. The determination of 

vitamin Ba by its characteristic ultraviolet absorption spectrum is suitable 
only for solutions of the pure compound, and this method^has the additional 
disadvantage that the vitamin is sensitive to light. Thus during the deter- 
mination the vitamin is at least partly destroyed, and the material de- 
stroyed before the beginning of the determination adds to the apparmt 
value of the vitamin. I 

2. Determination of the Fluorescence Spectrum. Vitamin Bs can 
be determined by its characteristic fluorescence spectrum*^® which shows 
a maximum at 565 m/i at pH 6. It is best to compare the intensity of the 
fluorescence with some standard such as pure riboflavin, potassium di^ 
chromate,^^* fluorescein^^* or uranium glass.^^^ The fluorescence is directly 
proportional to the vitamin content. Relatively reliable results have been 
obtained with this method when the vitamin B 2 content of animal tissues 
or milk is assayed. The method becomes inaccurate, however, in cases 
when other fluorescent substances are present as in the case of urine and 
yeast extracts. Another source of error often encountered is a non-quanti- 
tative extraction of the vitamin. Such extractions are often necessary to 
s^arate riboflavin from interfering substances. A method which has given 
results in agreement with biological assays consists in enzymatic hydrolysis 
of, for example, tissues, followed by extraction with water and determina- 
tion of the fluorescence of the extract. 

Several modifications of this basic assay procediu-e have been recom- 
mended. Thus, vitamin Bt has been determined indirectly by the fluores- 
cence of the vitamin before and after reduction with sodium hydrosulfite. 
This has been possible since the reduced vitamin does not show the typical 
fluorescence of the unreduced vitamin. Another modification is to deter- 
mine, first, the total fluorescence of a given solution and, second, the fluores- 
cence of the interfering substances by destroying the vitamin through 
alkali.**^ 

H. V. Euler and E. Adler. Svensk. Kim. Tid., 4S. 276 (1988); Z. physiol. Ckim., 228, 106 (1984). 
G. C. Supplee. S. Ansbacher, O. E. Flanigan and Z. M. Hanford, J. Dofiry Sci., 19, 215 (1936). 

A. Z. Hodson and L. C. Norris, J. Biol. Chim., 131, 621 (1939). 

A. J. Charite and N. W. Kbaustov. Biochim. J.. 29, 34 (1986). G. N. Murthy, Indian J. Mtd. 
RiSiarck, 24, 1088 (1937). 

F. H. C^hen, Ra. trav. chim., 54, 133 (1935). S. M. Weisberg and 1. Levin. Ind. Eng. Chem. Anal. 
Ed., 9, 623 (1937). 

144 D. B. Hand. Ind. Eng. Cham. Anal. Ed.. 11, 306 (1939). 

»<• F. O. Van Duyne. J. Biol. Chem.. 139, 207 (1941). 

149 A. Z. Hodson and L. C. Norris. Ibid., 131, 621 (1939). 

H. Kalilnr and E, F, I>avis. Rroc. Soc. ExpU. Biol. Med., 44, 004 (1040). 
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3. Polaiogn^dilc Detenniiiation. It has been proposed to determine 
vitamin Bj by the polatographic technique.*** Assays have been carried 
out so far only on relatively pure vitamin B> prqtamtions and the method 
needs further study to determine whether or not this {nocedure can be (q>- 
plied fmr the determination of riboflavin in natural products. 

4. Lumi-Lactoflavin Method. This method is based on the conver- 
non of riboflavin into lumi-lactoflavin by irradiation in alkaline solution. 
The so-fmmed lumi-lactoflavin is extracted from the acidified solution with 
chlorofcHm and determined by its absorption in the fluorescence spectro- 
meter.*** The accuracy of this method is limited, since the conversion of 
riboflavin into lumi-lactoflavin is by no means quantitative. Neverthe- 
less, this method proved to be effective, if the oonveraon rate of pure ribo- 
flavin in a scdution of about the same concentration as in the solution to be 
examined is determined separatdy, taking care that the same pH, tempera- 
ture and amount of air are present. In another experiment a known 
amount of pure riboflavin is added to the unknown solution and the con- 
version is determined. By proper correlation of the three figures obtained 
an accurate determination of the vitamin Bt content of almost any solution 
can be achieved. 

The separation of riboflavin from its phosphoric acid ester is carried out by 
extraction of the aqueous solution with benzyl-alcohol, in which only the 
free riboflavin is soluble.**® 

The separation of riboflavin and riboflavin-5' -phosphoric add from flavin 
combined with protdns is achieved by dialysis in cellophane tubes at 3° C. 
for 16 hours. 

(6) Biological Methods 

1. Rat Growth Teat. The most accurate and generally accepted 
biological method for the determination of riboflavin is the curative growth 
test on rats.***’ ***• *** Young rats kept <m a riboflavin-firee diet stop 

>« J. J. Uaguie and O. L. Davis, J. Biol. Ck*m., 137, S67 (IMl). 

R. Kuhn* T. Wagner- Jauregg and H. Kaltadiinitt, Btr„ 1452 (1954). H. v. Rulers K. Adler 
and A. Sctildtaefs Z. physiol. Ch€m.» 225, 87 (1934). F. Vlvancos Naiwrwissensckafttn, 23, 306 (1985). 

>«• A. Emmeries Nature, 141, 416 (1938); Rec. trap, chim., 58, 290 (1939). 

A. Bourquin and H. C. Sherman, J. Am. Cham. Soc., 53, 8501 (1981). 

P. GyOrgy, F. W. van Klaveren, R. ICuhn and T. Wagner-Jauregg, Z. physiol. Chem., 223, 286 
(1934). 

A. Bourquin and H. C. Sherman. Am. Chem. Soc., 53, 8501 (1931) . H. B. Munsell, J. Nutrition, 
4, 208 (1931). P. Gydrgy. Biochem. J., 29,741 (1935). P. h. Day and W. C. Langston. J. NutHtion, 7, 
97 (1934). G. C. Supplee, R. C. Bender and O. G. Jeneen, Jnd. Eng. Chem., Anal. Ed., 11, 495 (1939). 
T. S. Hamilton and H. H. Mitidiell, J. NuirUion, 10, 117 (1935). L. A. Randoin, A. Raffy and J. 
Aquirre«ab)asCom9l.rei>d.ior.5t'ol.al25,872(1937). H. Undhotm. Brnrhem. J., 32,314 (1988). E%V. 
Carlsson and H. C. Sherman. J. NuirUion, 15, 57 (1938). M. M. Bl-Sadr. T. P. Maerae and C. E. Work. 
Biochem. J., 34, 601 (1940). J. R. Wagner. A. B. Axetrod, M. A. Upton and C. A. Blvebjem, J. Biol. 
Chem. 135,357 (1940). 
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growing within a few days. Addition of riboflavin to the diet causes con- 
tinuation of growth. The same principle has also been used in a prophylac- 
tic method. 

2. Chick Growth Test. An apparently very reliable method is the 
growth response of chicks, which is within certain limits a linear function of 
the amount of riboflavin administered.^* 

3. Lactic Acid Bacteria Test. This method is based on the essential 
nature of riboflavin for the growth of Lactobacillus casei. The evaluation 
is carried out by measurement of the turbidity produced by the growth of 
the organism or by titration of the lactic acid formed. This method de- 
termines not only riboflavin in the free form, but also in the combined forms 
(coenz)rmes and enzymes). 

(c) Biochemical Methods 

1. Yellow Enzyme Test.^“ The oxygen uptake of the following 
system is measured: Hexose-phosphoric acid, codehydrogenase 11 (page 
235), apodehydrogenase and the specific protein of the yellow enyzme. 
The rate of the oxygen uptake per minute is a function of the amount of 
the riboflavin added to this system. 

2. Determination of Riboflavin-adenine-dinucleotide.^^'^ The dinu- 

cleotide is determined by its ability to act in combination with a specific 
protein as d-amino-acid oxidase.'®®* Actually, the rate of oxygen 

uptake is measured during the oxidation and is compared with the rate of 
oxygen uptake catalyzed by known amounts of the dinucleotide in the 
same system. 


12. Standards 


One B. S. Rat Unit (Bourquin-Sherman Unit) is defined as the daily 
amount of riboflavin required by rats, to insure proper growth (10 g. in- 
crease of body weight per week for two to four weeks). 

T. H. Juken, J, NuiriHon, 14, 223 (1937). 

^ B. S, Saell and P. M. Strong, Ind. Eng, CAem., Anal. Ed., 11,846 (1989); Enaymologia, 6, 186 
(1939). B. B. Snell, F. M. Strong and W. H. Peterson. Biochtm. J., 31, 1789 (1987); J. Am Chrm, 
Soe., 40, 2835 (1938). 

R. B. Feeney and P. M. Strong. J^roc. Am. Soc. Biot, Ckem., 1940, XXXI. 

F. M. Strong, R. B. Feeney, B. Moore and H. T. Parsons, /. Biot. Chem., 137, 863 (1941). 
a* R. Xufan and H. Rudy, Ber.. 69, 2557 (1936). 

O. Warburg an4 W. Christian. Biochtm. Z., 298, 150, 868 (1938). 
m u. Kagdeiti and H. BrOmel, IMd.. 300, 225 (1939). 

J. R. Kteitt and H, I. Kohn. J, Biol. C3«m.. 136, 177 (1940). 
ra? S. Oeboa and R. j. Russiter. Biochm. J.. 33, 2U08 (1939). 
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An International Unit of riboflavin has not been established. Von 
Euler*** proposed as International Unit 5 7 of pure crystallized riboflavin, 
which amount produces an increase in weight of 0 . 8 - 1 ,0 g. per day in young 
rats. 


1 Cornell Unit of riboflavin 1 7 of riboSavtii, dcfflncd by the growth effect on 

chicks, 

1 B. S. Unit ■* 2.0^.0 y of riboflavin. 

1 g. riboflavin « 400.000-500.000 B. 8. Units. 

13. Physiology of Plants and Microorganisms 

The physiology of plants and microorganisms with respect to the action of 
riboflavin in their cells has not been studied sufficiently. It is, however, 
reasonable to assume that principally the same reactions are carried out by 
riboflavin in plants and in microorganisms as in animals, especially as part 
of enzyme systems. 

Most microorganisms, bacteria,*** molds,*®* fungi,**® etc., synthesize 
riboflavin, just as the higher plants do. Microbacillus tuberculosis, for 
example, produces 0.5 to 2.9 y of riboflavin per day.**® A few, however, 
have been found, for example, special strains of lactic acid bacteria*** 
and of the streptococci*** which require an outside supply of riboflavin and 
are thus parasitic in character (see page 193). 

In anaerobic cells, for example, in yeast, in lactic and butyric acid bac- 
teria, the riboflavin-containing enzyme systems maintain the respiration*** 
or that part of the respiration which cannot be disturbed by either hydro- 
cyanic add or by carbon monoxide and which, therefore, is not a function 
of a porphyrin enzyme system which contains iron and is easily poisoned. 
Aerobic living bacteria contain and apparently need considerably less ribo- 
flavin than do the anaerobic living organisms. 

Riboflavin is, as far as is known, synthesized by all higher plants. 
It is apparently formed in the green leaves, where it is found predomi- 
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nantly. In broccoli, the flower buds contain only a little over half as much 
as the leaves, and the twigs contain even less.^^* In carrots, the riboflavin 
content of the roots is only one-fourth of the content of the tops. It has 
been shown that excised cosmos roots need a supply of vitamin which 
apparently is furnished in the intact plant from some other part, probably 
the leaves. A beneficial effect on the growth of eggplants in synthetic 
nutrient solution has been observed upon the addition of 2.5% of ribo- 
flavin.^^® There seems to exist a definite species difference in the response 
of various plants to riboflavin administration. 

As leaves become older, the riboflavin content diminishes. Younger 
parts of plants always seem to contain more than older parts. Unger- 
minated seeds generally contain little riboflavin (peas are an exception). 
During germination, the riboflavin content increases many times. 

It has been reported that riboflavin increases the phototropic action of 
plants. 


14. Animal Physiology 

(a) General Physiology ^ Metabolism and Mechanism of the Vitamin 3% 

Action 

The chemically bound vitamin B 2 , as it occurs, for example, in vegetables 
and in seeds, cannot be absorbed in the intestines of animals as has been 
shown in the case of the rat.*^* After cooking, however, the vitamin is 
liberated and completely absorbed. . 

The three naturally occurring free ribofliavin compounds, namdy, ribo- 
flavin, riboflavin-5 '-phosphoric add and riboflavin-adenine-dinudeotide, 
are easily absorbed by the intestines in the small gut. The free ribo- 
flavin is phosphorylated in the intestines as can be shown in vitro with 
dried powdered intestinal mucosa or with glycerol extracts of intestines. 
When the phosphorylation mechanism is disturbed, for example, experi- 
mentally with iodo-acetic add or by extirpation of the adrenals, ribo- 
flavin is not absorbed and the organism (rats were used for these experi- 
ments) ceases growing. Only by the addition of riboflavin-phosphoric add 
(and possibly also of the dinudeotide) to the diet does further growth occur. 

Mentioiied in the review by H. C. Sherman and C. S. Lanford in Tkt Vitamins, Am. Med. Amoc.. 
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The transformation of riboflavin to its phosphoric acid ester and the di- 
nucleotide is also a general cellular reaction. Human blood cells, for ex- 
ample, but not the plasma, i»n-^thesize the dinudeotide from riboflavin 
both in vitro and in vivo.**^ Therefore, riboflavin can also be administered 
parentoally. 

Riboflavin-phosphoric add is built into various enzjrme systems, which 
have been discussed previously. The liver and kidney seem to undertake 
these reactions to a greater extent than the other organs. 

Riboflavin is excreted predominantly in the feces, and to a smaller extent 
in urine. During vitamin Bj avitaminosis, no riboflavin is excreted in 
the urine; small amounts, however, are found in the feces. Vitamin Bt 
is excreted mainly in the free form, but in varying amounts, up to 50%, also 
as phosphoric add ester. An increase in the riboflavin intake of humans in- 
creases the urinary output of riboflavin.**®’ *** The intake of riboflavin- 
phosphoric add increases to a small extent the excretion of the phosphoryl- 
ated compound besides increasing to an appredable extent the excretion of 
free riboflavin.*** Normal human bdngs on a balanced diet excrete about 
500-800 y per day.*** 

Besides riboflavin and its phosphoric add ester, another flavin called 
aquoflavin or uroflavin is found in urine. The chemical constitution of 
this compound is not quite clear; it seems to contain more oxygen than 
does riboflavin and is more water-soluble. It is also sensitive to illumina- 
tion and appears to be similarly converted into a lumiflavin compound.*** 
Uroflavin is apparently a degradation product of riboflavin. 

The animal organism has no spedal storage organs for riboflavin, al- 
though a certain level is main^n^ in the various tissues (0.5 y per gram 
of blood'**). The flavin-dinudeotide levd in blood cdls and plasma is 
fairly constant.**® Relativdy lat:ge amounts are found, for example, in 
liver and in kidney. Intake of large amounts of riboflavin does not in- 
crease the riboflavin content of the liver to any appredable extent**® 
but increases the dinudeotide concentration in the blood cells.**® On 
the other hand, the organs of animals which die of vitamin Bi-avitaminosis 
still contain considerable amounts of this vitamin, approximatdy one-third 
of the normal levd.***’ *** In man during times of clinical Bravitaminosis 
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no substantial decrease of the riboflavin content in blood and in muscles 
could be observed.'®^ In rats^** and in dogs,“* riboflavin deficiency causes 
a decrease of the tissue level of this vitamin. The amount of the riteflavin- 
adenine-dinucleotide also decreases during times of low riboflavin intake 
and increases again upon administration of the vitamin (experiments with 
rats^*®). Thus, the xanthine-oxidase activity in the livers of riboflavin- 
depleted rats is only a small percentage of the activity in rats on an ade- 
quate riboflavin intake, as measured by the rate of oxygen consump- 
tion.^®^ 

Riboflavin is, like all the other vitamins, secreted in the milk, where it is 
found predominantly in the free form. In human milk, riboflavin is said 
to occur also to a small extent in combination with a protein.*®* 

The fundamental action of riboflavin in living tissue is to take part in 
enzyme systems which regulate cellular oxidations. These enzyme sys- 
tems have already been described. They take part in the general carbo- 
hydrate metabolism (fermentation and glycolysis). Riboflavin is also in- 
volved in the absorption of carbohydrates from the intestines by phos- 
phorylation. Thus, glucose and galactose are rapidly absorbed only in the 
presence of riboflavin.^®* Riboflavin is connected to a certain extent with 
the fat metabolism:*®^ increased fat content of the livers has been observed 
in hens and dogs which died of riboflavin insufficiency.^®** ^®® Furthermore, 
it has been demonstrated*®*' that the symptoms of a vitamin B2 deficiency 
in rats increase in severity upon administration of increased amounts of 
fats. On the other hand, when increased doses of riboflavin are given to- 
gether with increased amounts of fat no deleterious effect is observed. 
Riboflavin bears an important relation to the amino-acid metabolism, since 
J-amino-acids are deaminated by an enzyme system, which contains the 
flavin-adenine-dinucleotide. 
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Riboflavin in the free form plays an important role in the vision mecha- 
nism in the retina.*'* light converts riboflavin into a "photo-oampound” 
of unknown structure, #hich process seems to have some bearing on the 
stimulatioh mechanism of the optical nerve. The primary “photo-com- 
pound" is extrem^ sensitive. In the absence of (»cygen it is destn^ed, 
in the presence of oxygen it is reconverted into riboflavin (Theordl). 
The mechanism of the riboflavin action in the retina is especially well un- 
derstood for dim light, since light of short wave length is converted into 
light of longer (yellow-green) waves by the fluorescent activity of ribo- 
flavin.*" The human eye has a maximum sensitivity for greenish light. 

The theory has also been advanced that riboflavin takes part in an oxida- 
tion S 3 rstem in the cornea.'" Since the cornea is avascular, the cornea 
cells are nourished according to this hypothesis by a specific riboflavin- 
containing enzyme S 3 rstem. It is thought that during rit>oflavm deficiency 
the body attempts to counteract the missing oxygenation by vasculariza- 
tion. 

An interesting fact about riboflavin is that the phosphorescence of the 
glow worm (Lampyris) is caused by riboflavin in combination with a 
special protein."* The phosphorescence consists of light of the wave 
lengths 562-570 mu. It must be assumed that riboflavin plays an im- 
portant role in some unknown biochemical process in the luminous organs. 

It is also interesting that the mold AspergUlus niner, which is free of ribo- 
flavin when cultivated under optimum conditions, becomes tinted with 
riboflavin on a medium deficient in magnesium. The formation of the {ug- 
ment is not obtained by restricting the other elements, but is increased it 
a deficiency in magnesium .and iron exists simultaneously."" 

(5) Relation of Vitamin Bt to Other Vitamins, Hormones and Minends 

.Riboflavin bears an obvious relation to other members of the vitamin 
B-^oup. It seems that most of these vitamins act as {mrt of enzyme sys- 
tems, which regulate the carbohydrate, fat and amino-add metabolism. 
For example* the close relation of riboflavin to the enzyme systems con- 
taining mcotinic amide has already been discussed. The relation of vita- 
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min Bs to vitamin Bi may be demonstrated by the faet that riboflavin has 
an apparent sparing action on thiamin.^*^’ 

An important relation exists between riboflavin and the adraial cortex 
hormone: the phosphorylation of riboflavin is carried out with the aid of 
the adrenal cortex hormone. Adrenalectomized animals lose their 
power of phosphorylating riboflavin. Thus, riboflavin-phosphoric acid, 
but not ritoflavin, maintains life and growth of adrenalectomized rats.*^^ 
A number of observations have been made which demonstrate the close 
relationship of riboflavin to other hormones concerned in the carbohydrate 
metabolism. Rats lose their liver glycogen after injections of th3rroxine 
unless increased amounts of thiamine and riboflavin are given simul- 
taneously.^^ Depancreatized dogs respond to insulin only in the presence 
of thiamin and riboflavin, but not in the presence of one of these vitamins 
alone.*®® 

A certain relation of riboflavin to the minimum amount of indispensable 
magnesium is noted. A minimum riboflavin intake increases the minimum 
magnesium requirements.*®^ 

IS. Avitaminosis and H]rpovitaininosis 

The basic but unspecific symptoms of a riboflavin deficiency are the same 
throughout the entire animal kingdom — cessation in growth of young or- 
ganisms and sudden death of adult organisms. 

In rats, riboflavin deficiency, even in a relatively early stage, considerably 
decreases the resistance forces of the organism against infectious diseases, 
for example, endemic typhus.*®® Growth of young rats b impaired when fed 
a vitamin B a-deficient diet and when no riboflavin is administered the ani- 
mals die. Riboflavin-deficient animals sometimes show an abnormal in- 
tracellular metabolism.*®* In riboflavin-deficient rats an early atrophy of 
the testis and an involution of the thymus have been observed.*®* In- 
crease of the diaphragm metabolism in rats is also reported.*^® The de- 
velopment of alopecia (baldness) and cataract (loss of transparency of the 
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lens of eyes) in rats on riboflavin-deficient diets is of special interest.*^'* *** 
Certain eye lesions, namely, diffuse comeal opacity and vascularization of 
the cornea, are specific for riboflavin deficiency in rats.*^*’ 

Pigs also need riboflavin for normal growth and physical well-being.*^ 
Dogs usually collapse after about 100 days on a riboflavin-defident diet.*“ 
For chicks and fowls, riboflavin is of importance in the production of eggs 
and for normal hatchability of eggs,*^’* **® Chicks hatched from 

eggs on a partially riboflavin-defident ration exhibit a characteristic curled 
toe (‘'nutritional leg paralysis'’),**® Besides this slowly developing paraly- 
sis, an acute paralysis, characterized as neuromalada, was observed.**^ 
The main peripheral nerve trunks are especially involved and characteristic 
changes in the myelin have been noticed. These severe nerve degenera- 
tions occur also in rats.*** Turkey poults devdop a typical dermatitis as 
the result of a riboflavin defidency.*** In addition to the specific symp- 
toms which are caused by a riboflavin defidency, a premature aging has 
been observed in all animals studied.*** 

Riboflavin defidency in humans of all ages**® causes the occturence of 
specific symptoms. Primarily cheilosis, an eversion of the lips and in the 
corners of the mouth, has been observed.**®' **’ There is also a seborrhdc 
syndrome, a scaly, slightly greasy desquamation on a mildly erythematous 
base in the nasobial fold, on the alae nasi, in the vestibule of the nose and 
on the ears. A spedal type of glossitis may develop which is characterized 
by a purplish red or magenta-colored inflammation of the tongue.*** The 
entire condition is called “ariboflavinosis.”**® 

Riboflavin defidency in man also causes characteristic ocular symptoms 
similar to those already described for rats. In mild cases a sensation of 
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roughness in the eyes and itching and burning are observed*** which are ac- 
companied by a mild photophobia. In more severe cases a comeal opacity 
has been noted.*** Interstitial keratitis (of the cornea) in cases of fryphilis 
improves markedly upon treatment with riboflavin.*** Persons sowing 
subnormal dark adaptation which does not respond to vitamin A treatment 
may be relieved by riboflavin administration.**®* **^ 

Riboflavin treatment is also of importance in diseases caused by multiple 
vitamin deficiencies, such as pellagra,*** black tongue*** and berib^i. 
Beneficial results from riboflavin have also been observed in a case of pem- 
phigus.**^ 


(a) Clinical Test MeAods 

Vitamin B2 can be determined in blood, in muScles and in urine. The 
value of these tests for a detection of a state of a hypovitaminosis or avi- 
taminosis is, however, very limited. While the riboflavin content of tissues 
from experimental animals, especially from rats, is lowered during times 
of inadequate vitamin B2 intake ***’ **** ***» ***• ***• *^® this is not the case in 
human beings as is evident from blood and muscle analysis.*** The most 
promising test is the tissue saturation test but not enough experimental data 
have accumulated to determine the actual value of this procedure. Blood 
determinations for riboflavin are best carried out by the Lactobacillus 
test,*^* the reliability of which has been established.***' The riboflavin- 
adenine-dinucleotide content of blood can be determined by the d-amino- 
acid-oxidase test.*^ In muscle studies the quadriceps femoris muscle*^' and 
the Lactobacillus test*^* are used for the determination of the riboflavin 
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present. The amount of riboflavin present in urine can be assayed by the 
Lactobacillus test®^^ or by the fluorescence method. Urine containing 
O.OOOl mg. or less of riboflavin per cc. cannot be used in the latter proce- 
dure.®^ In the tissue saturation test the amount of riboflavin exacted 
through the urine is measured after oral admintstration of excess doses of 
the vitamin.**® 


16. Hypervitaminosis 

Riboflavin administered in excessive amounts by mouth was found to 
be non-toxic in dogs and rats. Following intraperitoneal injection, how- 
ever, riboflavin produced death due to kidney concretions.**®- **^ 

17. Requirements 

A regular dietary intake of riboflavin is necessary for all members of the 
animal kingdom and for some microorganisms. From eleven species of 
lactic acid bacteria investigated, four were found to require riboflavin for 
growth and acid production. The remaining seven did not require an ex- 
ternal supply of this vitamin and it has been established that four of these 
seven species synthesize vitamin B* when cultured on a riboflavin-free 
medium.**®* **• Riboflavin also stimulates the growth of propionic acid-**® 
and of luminous*®^ bacteria. 

The only organism so far reported as actually needing the riboflavin- 
adenine-dinucleotide is the larva of mosquitoes. Riboflavin itself is 
not effective.*®* 

In general, the vitamin requirements of animals are related to body 
size and weight, to the amount of food ingested, to the ambient tempera- 
ture, etc. Man needs ^bout 2-3 mg. of riboflavin daily .*®®* *®* The ribo- 
flavin allowances recommended by the Food and Nutrition Board, National 
Research Council, will be found on page 613. 
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M. Doudoroff, Eneymohiia, 5, 239 (1938). 

** W. Trager and Y. Subbarow, Biol. Bull., TS, 73 (1938) 

»» W. Stepp, J. Kuhnau and H. Schrueder, Die Vitumine, Stuttgart. 1937. p. 7.>. 

W. H. Sebrell. R. K. Hutler, J. G. Wooley and H. J*»bell. / .S. Pub Htalth Service Pub. Health 

kepts,, 56,310 (1941). 
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Chickens need 230-245 y per 100 g. of diet to ma it^ tai n normal hatch* 
ability.**®' *** Baby chicks need increased amounts.*** Turkeys require 
about 25% more riboflavin than chickens. 

Some animals apparently need no riboflavin or only a very small amount 
in their food. Microorganisms which $3rnthesize vitamin live in 
the rumen of sheep*** and of cattle**** **• and make the vitamin available 
to the animal. 

H. J. Davia, L. C. Norria and 0. P. Heuaer. PouUry Sci., 17, 81. 87 (1838). 

«• G. F. Htuaer, H. S. Wilgua and L. C. Norria, ibid., 17, ia.5 (1938). 

L. W. McBIroy and H. Goaa. J. Bid. Ckm., UO, 437 (1939). 

L. W. McBIroy and H. Goaa. ibid., 133, LXV (1940). 

M. I. Wegner. A. N Booth. C. A. Blvehjem and K. B. Hari. Pmc. Soc. Hxpti Bud. Mtd., 45, 759 
(1940). 
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1. Nomenclature and Survey 

Names: 

P 3 rridoxin: Term suggested by Gydrgy^ and generally adopted in the United States. 
Adermin: European name. 

Vitamin of Gyorgy. 

Anti-acrodynia rat factor. 

Rat antidermatitis factor. 

Yeast eluate factor.** * 

Factor 1 of Lepkovsky.^ 

Factor Y of Chick.* 

Vitamin H of Richardson and Hogan* and of Booher.^*’* 

Complimentary factor.* 

Chemical formula: 


Chemical name: 

3-Hydroxy4,5-di(hydroxy-methyl)*2-methyl-pyridine. 

Empirical formula: 

CsHuOiN. 

< P. Gydrgy aitd R. U. Eckhardt. yatwt, 144, 512 (1989). 
i C. £. Edgar and T. P. Macrae, Biockm, 31. 886 (1937). 

0 m: M. El-Sadr, T. P. Macrae and C. B. Work. Ibid., 33. 611 (1939). 

* S. Lepkovjiky, T. H. Jukes and M, E. Krause, J, Bid, Chem., 115. 557 (1936). 

6 H. Chick, A. M. Copping and M. H. Roscoe, Biockm- i., 24. 1748 (1930). 

* L. R. Richardson and A. G. Hogan, Wssowri Ap. Exftl. Station Rtwrch BnU, No. 241 (1936); 
Sdtnct, 83. 17 (1936). 

7 L. E: Booher, J. Biol. Ckm., 119, 223 (1937). 

T(i The term vitamin H was used in earlier days of vitamin research to desigaate vitamin B«.* I'he 
same letter H has also been used for a trout growth factor. la present-day literature , the term 
"vitamin H*' is reserved for biotin, the curative factor for egg-white injury (see page 469). 

* P. GyOrgy, R. Kuhn and T. Wagner-Janregg, Nutwwiscinsthoftin, 21. 561 (1933); Klin. Woik- 
Mkr, 12, 1241 (1933). 

* A. G. Hogan in Tk* Vitamins, Am, Med. Assoc;, Chicago, 1939, p. 273, 
t»C. M, MeCay, K. C. Bing and W. B. Dilley, Scianu, 97. 249 (1928). 
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2. Chronology 

1926 Golobkroisr and Lillik" reported the occurrence of a characteristic dermatitis, 
called acrodynia, on rats fed a diet deficient in vitamin Bj. 

1032 Ohoakb^* in Japan isolated a compound of the formula CgHnOiN-HCl from rice 
polishings, but failed to recognize its vitamin character. 

1934 GyOrgy*’ established the difference of the "rat pellagra preventive factor" from 
vitamin B} (and vitamin B 4 ) and called the new vitamin "Be." 

1938 The isolation of the pure oystalline vitamin Be was announced independently by 
five different groups, namely, by Lbpkovsky,^^ Kbrbsztbsy and Stbvbns,'* 
GyOrgy.^® Kuhn and Wendt, and Itiba and Mm.^* 

1939 The chemical structure was elucidated and vitamin Be was synthesized inde- 
pendently by two groups of workers — ^by Kuhn, Wkstphal, Wendt and West- 
PHAL in Germany and by Kerbsztbsy, Stevens, Harris, Stiller and Folkbrs 
in the U. S. A. 


3. Occurrence 

Vitamin Be appears to be very widely distributed over the entire animal 
and plant kingdom. Reliable systematic studies as to the relative quan- 
tities in various foodstuffs are scarce. Yeast and rice polishings are espe- 
cially rich in vitamin Be. Seeds and cereals, for example, wheat and 
maize, are good sources, “ especially the germs and the integuments.*® 
Molasses,*^ fish and fish livers** and mammalian livers contain moderate 
amounts,*^’ ** and milk, egg yolks, lettuce, spinach, etc., contain small 
amounts of vitamin Be. 

Vitamin Be occurs in animal and in plant tissues, for example, in yeast*^ 
and in fish muscle,*^ only to a small extent in the free form. The majority 
(60-80%) is chemically bound to protein** and to starch.*® 


J. Goldberger and R. D. IJ, S. Pub. Health Service Pub. Health Kept., 41, 1025 (1926). 

» $. Ohdake, Bull. Agr. Chem. Soc. Japan, 8 , 111 (1932). P. W. Wiardi, Nature, 142, 1158 (1938). 
w P. Gydrgy, Nature, 133, 498 (1934); Biochem. J., 29, 741, 760, 767 (1935). 

S. Lepkovaky, Science, 87, 169 (1938). 

» J.jjC. Kcresztesy and J. R. Stevens, Proc, Soc. Exptl. Biol. Med., 38, 64 (1938). 

P. Gy6rgy« J. Am. Chem. Soc., 60, 983 (1938). 

R. Kuhn and G. Wendt. Ber., 71, 780. 1118 (1938). 

» A. Itiha and K. Miti. Sci. Papers Inst. Phys. Chem. Research {Tokyo), 34, 623 (1938). 

M H. A. Schneider, J. K. Ascbam. B. R. Platz and H. Steenbock, J. Nutrition, 18, 99 (1939). 

» A. M. Copping, Biochem. J . 30, 849 (1930). 
u A. van Schoor, Merck* s Jahresberichte, 92, 7 (1938). 

G. Lunde and H. Kringstad, Biochem, J., 32, 708 (1938). 

C. B. Edgar, M. M. Et-Sadr and T. F. Macrae, Ibid., 32, 2225 (1938). 

9* R. Kuhn and G. Wendt, Ber.. 71, 780 (1938). 

» T. W. Bbrdi and P. GyOrgy, Biochem. J., 30, 304 (1936). 

» U. Chidk, M. M. Bl*^r and A. N. Worden, Biochem. 7., 34, 595 (1940). 
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4. Isolation 

As bas been pointed out in the previous section, vitamin B« occurs to a 
great extent bound to aprotein. From this simplex, vitamin B* cannot be 
sq>arated by diafysis. The implex cat^ however, be split by heat- 
ing®* “ or by enz3rmatic hydrolysis." 

The £tee vitamin Be is extracted with water or with organic solvents 
such as ether, propanol or butanol.*** ** The latter solvents extract less 
by-products than does water, but continuous extraction is necessary due to 
the water solubility of the vitamin. 

From neutral or acidified water solutions, vitamin B« can be adsorbed on 
diarcoal and fuller’s earth.** The adsorption on fuller’s earth is greatly in- 
fiuenced by the pH of the solution. At pH 5-6 vitamin B« is not quantita- 
tively adsorbed even after three consecutive adsorptions. At pH 1 factors 
other than B« are also adsorbed.** The elution is carried out anth barium 
hydroxide** or with butyl ajcohol.** Vitamin B* is quantitatively adsorbed 
on zeolite and can be subsequently eluted with 10% potassium chloride.® 
Inert material can be removed with acetone, ethyl alcohol, ethyl acetate, 
platinum chloride, etc. The vitamin is precipitated by a number of 
adds, sudi as by sulfuric add, phosphotungstic add, silicotungstic add, 
Reinecke’s add, etc. By repeated predpitations, the pure vitamin B« 
can be obtained in the form of various salts, such as the hydrochloride. 
The fiee base is prq>ared therefrom by treatment with silver salts.** 

5. Properties 

Vitamin B«, as a free base, is a colorless crystalline powder, has a slightly 
bitter taste and melts at 160® C.*** *• It is readily soluble in water, in 
acetone and in alcohol, and slightly soluble in ether and chloroform. 
Vitamin B« dialyzes easily. It crystallizes in the form of various salts, 

« R. Kulm ud G. Wendt, Ber., Tl. 780 (1038). 

■ E. M. LanUt New Mtxico Agr, ExpU. Station Bull . No. 268 

» H. Chicke M. M. BUSadr and A. N. Worden, Bioehem. J., 34, 695 (1940) 

» T. W. Birch and P. Oydrav. Ibid.. 30, 304 (1936). 

J. V. Scudi, H. F. Koones and J. C. Keresstesy, Proc. Am, Physiol, Soc,, 1040, 163; Proc. Soe, ExpU, 
BM, Med., 43, 118 (1940). 

M R. D. Greene, J. Biol. Chem., 130, 513 (1939). 

M T. W. Birch and P. Gydrgy. Bioehem. 30, 304 (1936). 

M O. Lundc and H. Krinfetad, /. Nutrition, 19, 321 (1940). 

« K. Hatliday and H. M. Evans, /. BM, Chem., 118, 255 (1937). 

« G. A. Emersoti, A. Mohftmmad. O. H. Emerson and H. M. Evans. Ibid., 124, 877 (1930). 

” 1. V. %nid2. H. P. Koones and J. C. Keresstesy, Proc, Am. Physht. Soc., 1940, 168; Proc. Sot, BxpU, 
BM, Med., 43, 118 (1940), , 

» A. lUba and K. MItl, Set. Papers Inst, Pkys. Ckem. Peteareh {Tokyo), 34, 1014 (2088). 

« Je C KcNHtaqr and J. P. Sbtvana, J. Am. Ckem. Soc., 80, 1287 (1938). 
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for example, as hydrochloride, m. p. 204-206® C.*® (with decomposition), 
and as picrate. The hydrochloride is soluble in water (1 g. in 4.5 cc. 
water) and in alcohol (1 g. in 00 cc. alcohol) and somewhat soluble in ace- 
tone. The aqueous solution has a pH of about 3.2. Both the free vitamin 
Be and its hydrochloride sublime readily.** The hydrochloride is the form 
in which this vitamin is marketed. It is a white, odorless powder with salty 
taste. It is stable to heat, concentrated hydrochloric acid and alkali, but 
is destroyed by light. 

Vitamin Be is optically inactive. It exhibits a typical ultraviolet ab- 
sorption spectrum which changes markedly with a change of hydrogen ion 
concentration. The spectra of the vitamin in aqueous solution between 
pH 4 and 6.75 are shown in Fig. 11. 



260 300 340 370 mjuL 

A 

Fig. 11.-' Absorption spectra of vitamin Be at ; O, pH 4; 
#, pH 5.1 ; V, pH b,75. (E. T. Stiller, J. C. Kercsztcsy and 

J. R. Stevens.) 


6. Constitution 

Vitamin Be (I) has the empirical formula CeHuOeN and forms salts 
easily with acids, such as hydrochloric acid, picric acid, etc. The hydro- 
clUoride yields an orange-red color with ferric chloride and couples with 
diazonium salts, for example, with diazotized sulfanilic acid, which proper- 
ties suggest the presence of a phenolic or enoHc hydroxyl group.*® 

H. Kuhn and O. Weadt, Ber.. 71, U18 U93S). 
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All three oxygens of the molecule are present in the form erf hydroxyl 
groups. A triacetate, which can be distilled , ** and a tribenzoate** 

(II) am be prepared. An estimation of active hydrogen atoms showed the 
presence of three in the molecule.** 

Upon reaction with diazomethane, a compound, C»HuOsN, is obtained, 
which does not give a color reaction with foric chloride and which does not 
couple with diazotized sulfanilic acid. Treatment of this compound with 
hydriodic add )delds methyl-iodide. Quantitative estimation of these 
properties led to the conclusion that a mono-methyl-ether of vitamin Be 

(III) is produced by diazomethane.** Vitamin Be-methyl-ether is split 
upon reaction with hydrobromic add to a hydrobromide of a dibromide, 
CgHioONBrs (IV), which 3rields vitamin Be by treatment with silver ace- 
tate.** 



Besides the methyl-ether, diazomethane produtts by reaction with 
vitamin Be the i\^-methyl-vitamin Be,** which yields a color reaction with 
ferric diloride. 


•• a. Kuhn and O. Wendt, iter., 71. 780 (1038). 

» A. Itibe sad K. Miti, Sei. P«#<rr IM. Pkys. Chtm. Ktitartk (Tokyo), 3S, 73 (1038); 36, 1 (1830). 
« K. T. Stiller, C. Keieutev sad J. R. Stevenii, J. Am. Clum. Soc., 61, 1237 (1936). 

» K. Kuhn sad C. Wendt, Bor., 71, 1S34 (1»88). 

« a. Kuhn and C. Wendt, iM., 73, 311 (1939). 

« A. Itiba and K. MiU, Sti. Puptrt l%tt. Pkys. C3rm. Aewure* (.Tokyo), 38. 73 (1938); 36, 1 (1939). 
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The methyl-ether of vitamin Be is converted by the action of acetic an- 
hydride in pyridine into a diacetyl-metl^l-ether (V) . Thus it is concluded 
that of the three hydroxyl groups one is phenolic (or emdic) uid the other 
two are aliphatic hydroxyl groups. All active hydrogen atoms are ac- 
counted for and no further active hydrc^en atoms could be detected in the 
diacetyl-methyl-ether. Therefore, it must be concluded that the nitrogen 
is present in a ring." 

The position of the phendic hydrcn^l group was determined, first, by 
application of the Folin-Denis phenol reagent^ whidi produced a color 
with vitamin B« and with |3-hydroxy-pyridine, but not with a- and y- 
hydroxy-pyridine," and second, by investigation of the ultraviolet absorp- 
tion spectrum which proved to be similar to that of jS-hydroxy-pyridine."- 
Upon application of the color test with 2,6-dichloro-quinone-chlorimide, 
vitamin Be gives a blue color,*® which effect proves, according to Gibbs,” 
that the p-position to the hydroxyl group is not substituted. 

Vitamin B(-methyl-ether does not react with lead tetra-acetate, which 
indicates that the two aliphatic hydroxyl groups are not in a,j9-position.®* 
Oxidation in neutral aqueous solution with potassium permanganate in an 
amount corresponding to two atoms of oxygen converts vitamin B6- 
methyl-ether (III) into a lactone (VI), which indicates that the two alipha- 
tic hydroxyl groups are either in 1,4- or in 1,5-position to each other. ®* 
Upon further oxidation of vitamin Be-methyl-ether with barium perman- 
ganate, four atoms of oxygen are taken up. The reaction product is a 
dicarboxyUc add (VII)®*- **• **• “ which contains all the carbon atoms of the 
vitamin-methyl-ether. By treatment of this dicarboxylic add with acetic 
anl^dride, the dicarboxylic add is dehydrated yielding the anhydride 
(VIII),” indicating that the two carboxyl groups are vicinal. Indication of 
the same fact is given by the fusion of the dicarboxylic add with resordnol*® 
which yidded a phthalein having a greenish yellow fluorescence. Decar- 
boxylation of the dibasic add, by heating the disodium salt with caldum 
hydroxide, ]rielded a hydroxy-picoline (XI).*® 

Vitamin Bt-methyl-ether on oxidation with potassium permanganate in 
alkahne solution takes up seven atoms of mcygen and forms a tricarboxylic 

« a. Knin and O. Wandt. B*r., 71, 1S34 (1088). 

« O. Foaa awl W. DanU, J. Bit*. Cktm., 12, 289 (1918); 22, 808 0918). 

• a. Kuha aad O. Wcodt, J9«r.. 72, 808 (1989). 

•• B. T. StOtar, J. C. XmMmr aad J. a. Stevcna. /. Am. Omm. Sw., 91, 1887 (1989). 

n H. D. OSiba. 3. BM. Cktm., 72. 849 (1927). B, }. Thariaidt, tnd. Bmt. Omm., 21, 848 (1999). 

u A. Itiba aad x;. MM, Sd. Fa9t» laK. Pkyt. Chm. lUMarth (rstyt), 8S, 78 (1988); 88. 1 0989). 

M a. aoha, H. Aadwaaf , K. WaiU>bai aad O. Waadt, Bm., 78, 809 (1989). 

M a. BMW. O. Waadt aad K. Weatphal. UU.. 78, 810 (1989). 

» B. T. Stow. J. C Ka ta art aay aad J. B. SItaaat, 3. Am. CImm. Soc., 81. 1987 (1989). 
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add (IX) without the loss of caibon atoms.** This tricarboxylic add 
jridds an anhydride of,a dicarboxylic add (X) vdiile shnultaneoudy losing 
one mol of carlxm diodd^** The tricarboxylic add yields with ferrous 
sulfate a reddidi coIot that is characteristic for pyridine-a-carboxylic adds. 




/. 1 I 

' CO-0 CO— o 



(XI) (vni) (X) 


This coior reaction is not given by the dicarboxylic adds (VII) and (X). 
This proves that the carboxyl group lost by anhydraticm of the tricarbox- 
ylic add was in a-position to the ring-nitr(^;en** and that this carboxyl 
group originated from a methyl group.** The existence of the methyl 
group has also been shown by oxidation of the vitamin chlorohydrate wi^ 
chromic add in sulfuric add whereby acetic add is obtained. 

« a. Xalni ud G. Weadt, Btr., 72. SOS (1980). 

» a. KtOa, a. Aadowc. X. Wwtptal Mid O. WoMlt, iSM.. 72, 809 (lOM). 
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7. Synthesig 

Two diiFerent methods have been described for the synthesis of vitamin 
Be. one of which is a complete synthesis building up the pyridine nucleus 
from small aliphatic molecules. The other synthesis is a partial degrada- 
tion of a higher molecular compound to the pyridine derivative of the con- 
stitution of vitamin Be. 

(ffl) The Complete Synthesis of Harris and Folker^' “ and of Morii and 

Makino^ 

By a series of seven reactions vitamin Be has been synthesized as follows : 

Step 1: Cyano-acetamide (I) is condensed with ethoxy-acetyl-acetone 
(II) in the presence of piperidine to yield 3-cyano-4-ethoxy-methyl-(i- 
methyl-2-pyridone (III). 

Step 2: By nitration of the reaction product of step 1, 3-cyano-4-ethoxy- 
methyl-5-nitro-6-methyl-2-pyridone (IV) is obtained. 

Step 3: Chlorination converts the last-mentioned compound (IV) into 
2-methyl-3-nitro-4-ethoxy-methyl-.5-cyano-6-chloro-pyridine (V) . 

Step 4: Partial catalytic hydrogenation of (V) yields 2-methyl-3- 
amino-4-ethoxy-methyl-5-cyano-6-chloro-pyTidine (VI) . 

By a less attractive series of reactions the amino-chloro-corapound (VI) 
can be obtained from the nitro-pyridone (IV) by reduction of the nitro- 
group to the amino-pyridone (X) followed by chlorination. 

Step 5: The cyano-chloro-pyridine (VI) is catalytically hydrogenated to 
2-methyl-3-amino-4-ethoxy-methyl-5-amino-methyl-pyridine (VII) . 

A modification of this step consists in first acetylating the 3-amino-group 
of (VI) to give (XI) followed by hydrogenation to remove the chlorine and 
to convert the cyano-group in the amino-methyl group (XII). Finally the 
acetyl groups of the 3-amino-group are split off by hydrolysis. 

Step 6: The 4-ethoxy-group is now saponified vrith dilute hydrochloric 
acid to yield the dihydrochloride of 2-methyl-3-amino-4-hydroxy-methyl-5- 
amino-methyl-p 3 rridine (VIII). 

If this reaction is carried out with hydrobromic acid, the dihydrobromide 
of a 4-bromo-methyl compound (XIII) is obtained, which must be saponi- 
fied to give (VIII), 

Step 7: The last step of this synthesis consists in diazotization of the di- 
amine (VIII) to yield vitamin Be (IX), 

« S. A. Uarrift mad K. Poikers. J. Am. Ch§m. Soc., 61, 1245 (1939). S. A, Harria. B. T. SUllar aad 
K, Folker»> ibid., 1242 (1939). 

H s. A. Harria aad K. Folkcni. ibid., «1, 331)7 (1939). 

S.' Marit aad K. Maktao. 7, 385 (1939). 
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Vitamin Bq has also been obtained by a slightly more difficult route* start- 
ing with the ethoxy-diamine (VII). By diazotization an ethoxy-dihy- 
dfoxy-compound (XIV) is obtained* which upon hydrolysis with dilute 
hydrochloric acid gives vitamin Be. When instead of the hydrochloric 


CHtOCtHt 

CO 

CH, 

I 

CO 

CH. 
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(VI) 



(IX) (XV) 

add,, hydrobromic add is used, the dibromide (XV) is obtained, which re- 
quires another step to yield finally vitamin B*. 

(b) Synthesis by Degradation cf IsoguinoUne 

The prindple of this synthesis has independently been used by two groups 
of workers, by Kuhn and co-workers*^ in Ciermany and by Itiba and 
Mid** in Japan, and consists of the (nddative dq;radation of 2-raethyl-3- 
metluncy-isoquinoline to 2-methyl-3-niethoxy-pyridine-4,5-dicarboxylic 
add. The isoquinoline derivative is prepare*^ by condensation of. potas- 

» a. Kiihii, K. Wowlwt, C. Woult ud O. Wwtphal, Nattmritstmelui/m, ST, 4W (1989). 

« A. liilw Md K. Miti. Set. Ptptrs Inti. Pkyt. Cktm. Ktttarth (Taiyo}, Jtf. 178 (1989). 
m 8. GMmM and J. CMman. Btr.. 88, 98S (1900). 
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sium phtbalimide (I) with a-bromo-propiotuc add ester (II) to jdeld a- 
phthaliimde-pix^omc add ester (III), indudi upon saponiiicatimi gives 
2-methyl-3-hydroxy-isocarbostyril (IV). Oilorination ^dds the chloro- 
compound (V) which is converted into ^ 0-methyl-ether (VI) by methyla- 
tion with methyl-iodide. The latter compound upon treatment with tin 
and hydrochloric add yidds the 2-methyl-3-methoxy-isoquinoline (VII). 



KN — 0=0 


( 11 ) ( 1 ) 



CH,CH— N — 0=0 


COOCjH, 

( 111 ) 



The 2-methyl-3-methoxy-isoquinoline (VII) is converted into 2-methyl- 
3-methoxy-pyridine-4,5-dicarbo3iyllc add (VIII) dther by direct oxida- 
tion in alkali solution with permanganate** or by nitration to a Bz-nitro- 
compound (IX) followed by reduction to a Bz-amino-compound (X) which 
is then oxidized with permanganate to yidd the dicarboxylic add (VIII).** 

The 2-methyl-3-methoxy-pyridine-4,5-dicarbo3Qrlic add (VIII) is con- 
verted through its diamide (XI) into 2-methyl-3-methoxy-4,5-dicyano- 
pyridine. (XII), which by catalytic hydrc^nation yidds the 2-methyl-3- 
methoxy-4, 5-diamino-methyl-pyridine (XIII). The latter upon reaction 
with lutrite gives the vitamin B« 0-methyl-ether (XIV). The methyl- 

** A. Itiba mud IC. Miti, Papers Inst, Phys. Ck$m, Rntarch {Tokyo), 173 (1939). 

« R. Kubn, R. G. Weodt mad O. Weitpliml, Hoinrwisssnsehafitn, 27, 469 (1939). 
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ether can be converted into the vitamin Be (XV) according to one of the 
previously mentioned methods. 



N N 

XII) (XIII) 



CHsOH 



(XV) 
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8. Industrial Methods of Preparation 

Pure vitamin Be, obtained by extraction of animal ot plant mat^al, 
has never appeared on the market. It has, however, been commercially 
available in the form of yeast or liver concentrate in mixture with several 
other members of the vitamin B complex. In the future, extracts oi this 
type will probably be prepared primarily as a source of the less well-known 
members of the vitamin B-group. 

Vitamin Be is commercially available in the pure crystalline form, syn- 
thesized according to both methods outlined in the previous section dealing 
with the synthesis of vitamin Be. 


9. Biogenesis 

The biogenesis of vitamin Be is unknown. Theories pertaining to the 
biogenesis of this vitamin have not been suggested. 


10. Specificity 


Vitamin Be apparently owes its physiological action to the molecule as an 
entity. Compounds of very similar structure and simple derivatives of 
vitamin Be are inactive. The di- and triacetate are fully active,®®* ®’ 
probably because the organism is able to hydrolyze these esters. The ben- 
zoate, however, is inactive. The same is true for the methyl-ether,®^' 
which, however, shows some activity in a concentration that corresponds to 
about 500 times the concentration of the free vitamin.®® 4-Desoxy- 
vitamin Be (2,4-diraethyl-3-hydroxy-5-hydroxy-methyl-pyridine (I)) ap- 
pears to be active in 50 tintCs the concentration of vitamin Be®®* and 4,5- 
bis-desoxy-vitamin Be (2,4,5-trimethyl-3-hydroxy-pyridine (II)) appears 
to be inactive.®® A great number of other pyridine derivatives have been 
tested,®® but no active compound has been found. 


CHa 

HO— CHjOH 

CH,-^ 

N 

(I) 

4-De!H)xy-vitamin B« 


CH, 



«• R. Kubn and G. Wendt. 71, 1118 (1838). 

» K. Unna. Proc. Soc. Exptl, Biol. Mid., 43, 122 (1940). 

« R. Knhn and G. Wendt. Btr., 71, 1534 (1938). 

» K. F. Mdtler, Z. physiol. Chem.. 280, 246 (1939). 

K. F. MdUer. O. Fima. F. Junf and T. Moll. Naturwisstnukofien, 27, 228 (1930). 
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li. Determination 

(a) Chemical Methods 

Phenol Test According to Folin and Deois.^‘> ” This test consists 
in a blue color i^ven by a phenolic hydroxyl group in the presence of a 
mixture of sodium tungstate, phosphotungstic add, phosphoric acid and 
lithium hydroxide. By the use of this method 0.Q2-0.08 mg. vitamin B* 
can be determined. The d>lor is measured in a photometer. This method 
is not specific for vitamin B«. > 

Cyanine Dye Test.^* This test can be applied only to the methyl-ethen 
of quaternary vitamin Be salt. Therefore, vitamin Be must, first, be con\ 
verted into the methyl-ether with diazo-methane, and, second, into the 
iodo-methyl-pyridinium- or a similar p 3 rridinium-compound. These 
two reactions can be carried out in a yidd of 30-40%. The methyl-ether- 
pyridinium salt, upon heat treatment with chlarofonn and potassium hy- 
droxide, yidds a violet dye of the structure of a carbo-p 3 rridine-cyanine 
dye (absorption maxima at 599 and 555 m^ in alcohol-chloroform). This 
test is believed to be quite specific to the vitamin since no other a-picoline 
derivatives are known to occur in plants or animals. By the use of this 
method 0.8 mg. of pyridoxin can be determined. 


CHiOH CHiOH 



Gibb’s Phenol Indophenol Test. This test has been adapted to the 
quantitative colorimetric determination of vitamin B(.’'- A blue color 
devdops when a vitamin B( solution is mixed with a veronal buffer (pH 7.6) 
and a butmiol solutiem of 2,6-dichloroquin0ne cUoroimide. The color has 
an absoiption maximum at~660 m/u and is measured in a colorimeter or 
spectrophotometer. 


» o. FoUb aJMl W. Dcnb, J. BM. Chtm., M. 389 (1913); 88, 308 (1918). 
n R. Kuhn ukl 1. Uw. S(r., 78, 1483 (1939). 

n J. V. SlMdi, B. V. Eooac* •nO. J. C., Kcrcntcfjr, Proc. Am. PSysM. Set., 1940, 168; Pret. See. 
Beta. BM. MtA., 43, 118 (1940). 

H V. Seudi. K. Ubob Mid W. Aatopiri, J. BM. Chtm., MS, 371 (1940). 
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Fenic Chlorids This method has proved to be of value 

in the estimation of vitamin B« in rich sources. The red-brown oedor de- 
vdoped by the unknown inaterial is compared with those of standards. 

(6) Biological MeO^ads 

Toast Growth Test. Since it has been observed that vitamin B« stimu- 
lates the growth of yeast, a method of determining this vitamin by the rate 
of growth of yeast has been proposed.’^ 

Bacteria Test. Streptobacterium planlarum {Bacterium AcetyUChoKui 
Keil 10 S) responds in growth and production of acid to the amount 
of vitamin B* present. The increase in growth is measured with a nephe- 
lometer.”’ * 

Rat Growth Test. In this proposed test, the growth rate increase of 
rats, following the administration of vitamin Be, is determined.***’ ** 
Since the decline of the growth rate is not specific for a vitamin Be de- 
ficiency, this test often gives unsatisfactory results.** 

Acrodynia Rat Test. Vitamin Be is assayed comparatively on the 
basis of the percentage incidence of the typical acrodynia type dermatitis in 
rats**’ **• **' **• **• •*’ **• •* in either prophylactic or curative assay pro- 

cedures. 


12. Standard 


One rat unit vitamin Be lO y, is defined as the amount necessary per 
day to cure or prevent the tyjMcal symptoms of avitaminosis (Gydrgy).** 


» J. C. Kcrctttesr eoS J. P. SUvena, J. Am. Chtm. Soc., 60, 1267 (1038). 

» R. D. Greene. /. BM. Chem., 130, 813 (1989). 

n A. S. Sehulta, L. AtUn end C. N. Pray, J. Am. Otm. Soe., 61, 1981 (1939). 
n B. P. MOtler, Z. fihytM. CHtm., 2S4, 286 (1938). 

B. F. Mdller, O. Fima, F, Jun; and T. Moll, NiUwwissdnschafttn, Z7, 228 (1939). 

« M. K. Dimick and C. B. Schreffler, J. Nutrition, 17, 23 (1939). 

» R. Kuhn and G. W«ndt, Z. physiol, Chsm,, 2S6, 127 (1938). 

M C. B. Edfar. M. M. Bl-Sadr and T. F. Macrae, Bioehsm, 7., S3, 2207 (1938). 

» T. W. Conger and C. A. Blvchjem, J. BM. Chem., ISff, 566 (1941). 

P. Gyftrgy and R. B. Bckardte Bioehom. 34, 1143 (1940). 

^ R. C. Bender and G. C. Supplee, J. Am. Chpm. Soe., S9, 1178 (1937). 

« P. GyOrgye BhekoM. 7., 29, 760 (1935). 

” G. Lunde and H. KHngstad, Ibid,, 32, 708 (1938). 

» H. B. C. Wilson and G. K. Roy, Indian 7. Mod. Rossoreh, 2S, 879 (1938). 

** H. A. Schneider, J. K. Aseham, B. R. Plata and H. Steenfaock, 7. Nutrition, 18, 99 (1939). 
w N. Halliday and H. M. Bvans, 7. BM. Cham., 118, 255 (1937). 

M. R. XRmkk and C. B. Schreffler, 7. NutrUion, 17, 23 (1937)n 
•• B. J. Raadaum, W. L, Sampeon and K. Unna, Proe. Soc. Expil. BM. Mod., 43; 112 (1940). 
M p. Gydur. iM., 38, 204 (1936), 
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13. Physiology of Plants and Microorganisms 

Althcmgh it can be assumed that vitamin Be is necessary for plants and 
microorganisms, only few actual facts are known. It has been demon- 
strated experimentally that vitamin Be is a nutrilite for yeast**- and 
staphylococcus albu^ and that it is necessary for lactic add bacteria*^ 
and for some hemolytic streptococd.“ Some other bacteria are able to 
synthesize vitamin Be, for example, those in the rumen of sheep.** Only 
a few observations concerning the vitamin Be action in higher plants are 
available. Vitamin Be acts as a growth stimulant^** on isolated tomato 
roots and cosmos.^*^ The isolated pea root does not require an external 
supply of vitamin Be and it must be presumed that the root is able to build 
up the vitamin from compounds present in the cultiure medium. Ana- 
l3rtical determination of the vitamin Be content of wheat and maize plants 
seems to indicate a greater concentration of this vitamin in the germs 
and the integuments than in the endosperm.^** 

14. Animal Physiology 

Free vitamin Be is rapidly absorbed in the intestines.^®* Vitamin Be 
bound to protdn material is not absorbed. Plant material, for example, 
seeds and vegetables, should be cooked to insure full utilization of the 
vitamin Be present^®* (as shown in expmments with rats). 

Investigations on the behavior of vitamin Be in the human organism are 
scarce. Vitamin Be has not been detected in blood^°® (a reinvestigation 
seems advisable) but is present in urine, ^®®* ^®® which indicates that this com- 
pound is of physiological importance for man. The vitamin is also se- 
creted in milk. When excess amounts of vitamin Be are administered, 
they are largely destroyed in the organism. Storage of this vitamin in the 
organism has not been observed. 

A. S. Schultz. L. Atkin and C. N. Frey. /. Am. Chem. Soc.. 61. 1931 (1939). 

» R. B. Bakin and R. J. Wittianis. Ibid., 61, 1932 (1939). 

M S. P. Vilter and T. D. Spies. ScUnce, 91, 200 (1940). 

« B. P. MOller. Z. physiol, Cham,, 254, 285 (1938). 

M B. L. Hutchings and D. W. Woolley. Scienet, 90, 41 (1939). 

^ L. W. McBlroy and H. Goss, /. Biol. Ckem., 130, 437 (1939). 

iw W. J. Robbins and M. B. Schmidt, Proc. NaU. Atad, Sa, V. S., 25, 1 (1939). 

J. Bonner. Am, Chom, Soc., Div. Agr. Food Cktrn,, Muting, Sept., 1939, Abst., p. 13. 

A. M. Copping. Biochtm. J., 30, 849 (1936). 

J. V. Scudi. K. Unna and W. Antopol, /. Biol. Ckem„ 135, 371 (1940). 

B, M. Lantz, New Mexico Agr. Exptl, Station Bull., No. 268. 

Cited from W. Stepp, J. Kilhnau and H. Sehroeder, Die Vitamme, 2nd edition. Stuttgart. 1937, p. 
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M J. V. Seitdi, H. F. Xooncs and J. C. Keresztesy. Proe. Am. Physiol, Sac., 1940, 163; Proc. .Soc. Hx 
pa. Bid. Med., 43, 118 (1940). 
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Little is known about the phy»ological action of vitamin B«. It has 
been suggested that vitamin B* is connected with the utilization of un- 
saturated fatty adds*^"'/ It has also been observed that in vitamin Be 
avitaminotic rats, the livers are significantly heavier and contain a higher 
percentage of total fatty acids, which increase' cannot be correlated to 
the food intake.^*** Rats maintained on a vita m in B«<deficient diet can, 
according to some investigators, be protected from the symptoms of vitamin 
B( defidency by supplementing the diet with the essential unsaturated 
fatty adds.^^"’ Others were unable to obtain this effect but called at- 
tention to the very similar type of dermatitis in both vitamin B« and essen- 
tial fatty add defidency which, however, can be differentiated since edema 
occurs only in the case of vitamin B« defidenqr. The crux of the problem 
of the relation of vitamin B( to the fat meta1x>lism is that the animal or- 
ganism (tested on rats) needs vitamin Be for the ^thesis of fat from pro- 
tdn."* This vitamin is apparently concerned wi^ the metabolism of the 
amino-adds, as has also been shown in a determination of the protdn and 
carbohydrate appetite in rats by the self-selection method."* 

The mechanism of the vitamin Be action is still unknown. Upon the dis- 
covery"* that vitamin Be occurs in tissues partly bound to proteins, it was 
suspected that the prindpal function of this vitamin is to act as part of some 
enzyme system, like some of the other members of the vitamin B group. 
The result of an approach to solve tlus problem was negative: the metiiyl- 
iodo-compound of vitamin Be is not reduced to a dihydro-compound*" in a 
manner similar to the reduction of the methyl-iodo-compound of nicotin- 
amide (see page 238). 


15. Avitaminosis and Hypovitaminosis 

Vitamin Be-avitaminosis in rats causes a specific symmetricid dermatitis, 
which is called “acrodynia’"" and whidi affects {nimarily the peripheral 
parts of the body, such as the paws, the mouth, the tail, the ears and nose,"* 


» T. W. Birch, J. Bid. Chtm., 124. 77S (1938). 

« M. HalifaUjr, J. Nutrition, 16, S86 (1938). 

"> R. W. Bneel, Proc. Am. Soc. BM. Chim., IMl. XXXVIl. 

P. W. Quackenbush and H. Steenbock, Proc. XVI intern. Physiol. Congr. Zurich^ IMS, 108. 

W. D. Salnotte Proc. Am. Soc. Biol..Ch$m.o 34, LXXXII (1040), 

» B. W. McHenry and O. Gavin, /. Biol. Chem., 138, 471 (1941), 

C. P. Richter and C. D. Hawkei, Am. J. PhysUA., 129, 439 (1940). 

R. Kuhn and G. Wendt. Ber., 71, 780 (1988). 

» R. Kahn and 1. L3«, /3id.. 72, 1453 (1939). 

T. W. Birch. P. GyOrgy and L. J. Karris, Bioehem. J., 29, 2880 (1985). 

” W. W. Jefremow, Voprosy Pitaniyo, 7. No. 3, 43 (1938). See Chem. Zontr., 1, 1939, 4496. Voprosy 
fnniya. 6, No. 1, 55 (1937). See Ckem. Zentr... 1. 1938, 1152. 
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and which is accompanied edema and scaliness. Furthermore, 
rats cease growing.***- **• In d<^,**‘ rats***- ***■ *** and pigs***- *** fits of 
an epileptiform nature were observed besides the symptoms of subnmmal 
growth and dermatitis. The animals become abnormally excited and any 
extra stimulus induces fits. The striated and cardiac musdes degenerate, 
and pathological changes have been noted in the nervous system, especially 
in the columns of the spinal cord. Chicks also need vitamin B(,***> *** 
but no characteristic dermatitis can be observed during times of vitamin B( 
deficiency. The symptoms in chicks consist of slow growth, depressed 
appetite and inefficient utilization of food. In some cases spastic convul4 
sicms and death were observed.*** In dogs, vitamin Be deficiency causes a\ 
microcytic, hypochromic anemia***' ***• ***• *** and in rats a thymus atrophy 
has been obso-ved.*** In rats kept on a vitamin Be-defident diet the ac* 
cd»ory organs of reproduction are reduced and the animals show defective 
sexual behavior.*** 

The present-day knowledge of the action of vitamin Be in human beings 
is very limited. The necessity of this vitamin for man has not been proved, 
but it seems reasonable to assume that vitamin Be is a vitamin in human 
nutrition. Upon administration of vitamin Be to pdlagrins, recovery has 
been observed in some cases in which the vitamins Bi, Be and nicotinic add 
failed to remove the symptoms.*** These symptoms indude nervousness, 
insomnia, irritability, cramping pains in the stomach, muscular weakness 
and muscular rigidity.*** Patients with pseudohjrpertrophic muscular 
dystrophy, for example, respond wdl to vitamin Be treatment.*** Atten- 

■» W. Antopol and C. Unna, Proe. Soc. Expll. BM. Med.. 42, 120 (1938). 

R. Kuhn and G. Wendt, Z. physiol. Chem., 2S0, 127 (1938). 

>» C. B. Edgar, M. M. Bl^Sadr and T. F. Macrae, Biochem. J. 32. 2207 (1938). 

P. J. Foots, O. M. Hclncr, S. Lepkovsky and T. H. Jukes. J, Nutrition^ 16» 197 (1938). J. M.' 
McKtbbin, R. J. Madden, S. Black and C. A. Elvebjem, Am. J. PhystJ 128, 102 (1939). 
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>» T. H. Jukes, Proe. Soc. ExpU. Biol. Med., 42, 180 (1939). 
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Foute, O. M. Hdmer and S. Lepkovsky, Proc. Soc. Exptl. Biol. Med., 40, 4 (1939). 

H. J. Borson and S, R. Mettier, Ihid., 43, 429 (1940). 

G. Ltinde and H. Kringstad, Biochem. J., 32, 708 (1988). 
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M. K. Dimiek and C. B. Schtelfler. J. Nutrition, 17, 23 (1989). 
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tion has also been called to the possibility' that diilblains may afford a 
clinical demonstration of vitamin B« deficiency.^** Promising results have 
also been obtained in die treatment of myasthenia;***’ *** Improvement 
has furthermme been noted in patients inth idiopathic epilepty*** and 'with 
macroc 3 itic anemia of pellagra or pernicious anenua in rdapse.*** 


(a) Clinical Test Methods 

The Urine Test. In urine the exo'etion of vitamin B* can be demon- 
strated for rats and for num.*** The mediods used are either the chemical 
indophenol test or the biological rat test. The f(»mer can be applied to 
urine when it contains 1 y per cc., but not when less material is present. 
Urine also contains substances which interfere with the test. In human 
beings, -vitamin B« can be demonstrated in the urine only after the intake of 
excessi-ve doses. The normal urinary excretion of man and dogs is less 
than 0.5 7 per cc., while rats excrete about 0.5-1.0 7 per cc. 

The Blood Test. There is no method known by which vitamin B« 
can be determined in blood. As a matter of fact, the presence of this 
vitamin in blood has not been demonstrated as yet. 


16. Hypervitaminosis 


Vitamin B« is a substance of relatively low toxicity.**** *** Chronic 
toxicity was studied in rats, dogs and monkeys by daily feeding up to 10 
mg. per kilogram body we^ht o-ver periods extending to three months. 
No significant differences in weight or in the hemoglobin, erythrocytes, 
leucocytes, etc., were observed. Twenty mg. per kilogram body weight, 
inject^ intravenously into cats, had no effect. Single doses up to 1 g. 
were tolerated without untoward effects. Higher doses produced tonic 
con-vulsions and suggest involvement of certain parts of tite nervous sys- 
tem. The lethal dose in rats is about 3 g. per kilogram body weight.*** 
Vitamin B* has a sedative effect in man.*** 


>» P. OyOrgy. J. NMrUion, 16, M (1938). 

«• J. V. Seudi, H. P. Koodm «id J. C. Kcrautaty, Proc. Am. rkytUl. Soc.. 1940, Proc. Soc. 
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17. Requirements 

Since vitamin Be has not yet been demonstrated as necessary for human 
life, no data are available as to the requirements of this vitamin for human 
beings. In a few clinical cases daily doses of 10-100 mg. were given.^" 
The requirements for rats have been repeatedly investigated and were 
found to be 10 7 daily“^' of the vitamin hydrochloride. Chicks also 
need this vitamin (about 30 y per day).'^* Sheep, however, do not re- 
quire an external supply of vitamin Be, since it is S 3 rnthesized by bacteria 
in the rumen. “* The same has also been reported for cattle.*”* 

>« T. D. Spies. W. B. Bean and W. P. Ashe, J. Am. Med. Assoe., 112, 2414 (I93U). 

>«> a. Kuhn and G. Wendt, Btr., 71. 780 (1038). 
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(1940). 



r^^ICOTINIC A.OII> — 
NICOTINAMir>E 




NICOTINIC ACm-NICOTINAMIDE 


1. Nomenclature and Survey 


Ntmes: 

Nicotinic acid and nicotinamide. 

Niacin: synonym for nicotinic acid. 

Niacin amide: synonym for nicotinamide. 

P, P. factor: Pellagra Preventive factor.* 
Pellagramine.’ 

Niamid: Suggested abbreviation for nicotinamide. 
Otemical formulas; 


CH 


•V/* 

N 

i 

Nicotinic acid 

Chemical names: 

Pyridine-3-carboxylic acid and acid-amide. 

Pyridine-d*carboxylic acid and acid-amide. 

Empirieal formulas: 

Nicotinic acid: CeHiOgN. 

Nicotinamide: C«HiONs* 

Nkotinic acid may possibly ho tdeniical wUk vitamin The term vitamin B| was 
given originally to a fuller’s earth eluate fraction from yeast and was shown to be 
necessary for the groi^h of pigeons. Vitamin B« was later found to be present in 
vitamin B$ fractions but could not fully replace the vitamin B| requirements of pigeons. 
The remaining factor, designated as vitamin Bi, appears to be identical with nicotinic 
acid.* 


CT" 

N 

Nicotinamide 
(abbreviated formula) 



> The temi pdltgre-preveotive factor was api^ to the iobataiiee oriflaaHy pof tulated as nect saary 
for the pieventioa of hiunaS pdlagra: J. Ooklbcrger aad W. F. Taotter. V. 5. Pa(. Serviu PaS. 
B<ahhltrplf.,3S,S7(1924). 

* B. L. Josea Safaacr, SS» 480 (tdSS). 

• C. W. Carter and J. R. O'Brien. BioiiSria. 3S« ISIO (ISSS), 
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2. Cbrondogy 

1735 First description of the human disease "pellagra’’ by Casal. 

1907 Searcy reported the occurrence of pellagra in epidemic forms. 

1912-1914 Funk* in Europe and Su2Uki* in Japan isolated nicotinic acid from yeast 
and rice bran during their search for the antipolyneuritic vitamin (vitamin 
Bi); but failed to recognize the vitamin character of the isolated compound. 
Funk observed, however, the beneficial effect of nicotinic acid when given in 
mixture with the antipolyneuritic vitamin. 

1917 Chittenden and Underhill* produced a pathological condition, resembling 
human pellagra, in dogs, which is called canine blacktongue. 

1926 G 01 .DBERGBR and Lillie obtained an experimental pellagra-like condition in 
albino rats by feeding a diet deficient in a substance called "Pellagra Preventive 
Factor" (P. P. Factor).’ 

1928 Goldbergbr and associates* collected evidence that substances capable of 
curing blacktongue in dogs were equally effective in the cure of human pellagra. 

1929 Aykroyd and Roscoe recognized that the pellagra preventive factor and the 
anti-blacktongue factor always occur together.* 

1930 Norris and Ringrosr^* produced a pellagra-like condition in chicks. 

1935 Warburg and Christian'^ and Euler, Albers and Schlbnk’* demonstrated 
that nicotinamide is a part of the hydrogen transporting coenzymes. 

1936 Euler and Malmbbrg^* reported that nicotinic acid prolonged the lives of rats 
fed vitamin Bi, vitamin B« and vitamin B 4 . 

1937 Knight^* and Mueller'* found nicotinamide to be essential to the growth of 
certain unicellular organisms. Elvehjem and co-workers'* showed that nicotinic 
acid is effective in the cure of blacktongue in dogs and that it can be isolated 
from anti-blacktongue active liver extracts. Fouts, Helmer, Lbpkovsky and 
Jukes'’ reported the first successful treatment of human pellagra with nicotin- 
amide. 

4 C. Funk. J. Physiol, 46, 173 (1913); BrU. Med. 1913,1, 814. J. C. Drummond and C. Funk. 

Biochem. J., 8, 594 (1914). 

• U. Suzuki and S. Matsunaga, J. Agr. Tokyo Imp. Univ., 5, 59 (1912). U. Suzuki, T. Shumimura 

and S. Okade. Biochem. Z., 43, 89. 99 (1912). 

• R. H. Chittenden and P. P. Underhill. Am. J. Phyriol, 44, 13 (1917). 

7 J. Goldberger and R. D. Lillie, U. S. Pub. Health Service Pub. Health Repts., 41, 1025 (1926). 
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• W. R. Aykroyd and M. H. Roscoe. Biochem. J., 23, 483 (1929). 
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3. Occurrence of Nicotinic Acid and of Nicotinamide 

Nicotinic acid occurs in all living cells in small amounts. The liver,** 
the adrenal gland*® and yeast and wheat germs arc especially rich ifi 
nicotinic acid. The eye lenses contain a fair amount*® and corn meal, 
corn syrup, alfalfa,®® fatty meat and milk®* contain small amounts. 

Free nicotinic acid apparently does not occur in the living organism 
but is found in the urine of animals. Nicotinic acid occurs in tissues in 
the form of its amide. Besides the occurrence of the free nicotinamide, 
there exists a number of enz)rme systems (see page 227) in which nicotin- 
amide is chemically bound. Nicotinamide occurs to a much greater extent 
in the bound form than as the free nicotinamide. Thus, in rats, bound 
nicotinamide occurs, for example, in the liver, kidney and muscles, while 
free nicotinic acid (or its amide) has been found only in the liver. 

4. Isolation of Nicotinic Acid and of Nicotinamide 

The isolation of nicotinic acid from natural sources is a relatively 
simple matter. Tissue material is freed from fats by extraction with 
organic solvents. The remaining material is saponified, preferably with 
alkali. The acid fraction of the saponification mass contains the nicotinic 
acid, which can be separated as such, as the ester or as the Cu-salt. From 
this salt, the free acid is obtained by means of hydrogen sulfide. 

The isolation of the total nicotinamide from animals or plants is carried 
out by water extraction of the material, followed by partial hydrolysis in 
0.1 N sulfuric acid in order to split the nicotinamide from its chemical 
combination with the various enzymes. The water phase is then ex- 
tracted with butanol or chloroform.®® The chloroform solution is sub- 
jected to fractional distillation. Nicotinamide distills at 150-160® C. 
at 5 X 10“^ mm. Hg.®* The distillate may be recrystallized from chloro- 
form and benzene. 

The separation of free nicotinic acid from nicotinamide is effected by 
solvent extraction (ether, chloroform, butanol) of a water solution. The 
amide is soluble in organic solvents, while the -free acid remains in the 
water phase. 

>* W. J. Dann. Scieuee, 96, 616 (1937). 

>» E. Kodteek. J. SifC. Chem. Jnd,, 58, 1088 (1039). 

» W. R. Wyatt. Iowa State Colt. J. Set., 14, 103 (1939). 

» K. Kodicek. Bioehem. S4, 712. 724 (1940). 

** H. V. Euler. F. Scfalenk, L. Meixer and B. Hdgber^. Z. physiol. Chem., 258, 212 (1939). P. Karrer 
und H. Keller. Helo. Chim. Acta, 22, 1292 (1039). 

» R. Kuhn and 11. Vetter. Ber., 46, 2374 (1933). 
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Tbe sepumtion of free nicotinaatide from chemkelty bound nicotin- 
amide (coenzymes) must be carried out immediately after death, 
and is usually achieved by an acetone extraction of the material. Acetone 
dissolves nicotinamide, but does not dissolve the coenzymes. Acetone, 
furthermore, prevents the naturally occurring enzyme systems from 
splitting the nicotinamide-containing coenzymes into their components. 

5. Properties of Nicotinic Acid and of Nicotinamide 

1. Nicotinic acid crystallizes in needles from water or alcohol and 
melts at 235.5-236.6° C.^ It sublimes without decomposition. Nico- 



Pig. 12. — Abiiorption spectrum of nicotinamide in 
water. (R. Kuhn and H. Vetter.) 


time add exhibits a typical absorption spectrum with a maximum at 
385 vofi.” 

2. Nicotinamide crystallizes in needles from benzene and melts at 
129° C. It distills at 150-160° C. and 5 X 10"« mm. Hg.* The absorp- 
tion plectrum of nicotinamide is shown in Fig. 12. 

M B. V. Eldar. F. Sddodc. U Mclscr sad B. HAfberi, X. Oum., aSS, 31S (t» 8 »>. 

a n. r. Boiar sad K. Mrrbldc, IhU., 117. 887 (192». H. ▼. Bider sad G. OiUitlicr, thU., 341, 1 
(IMS). H. V. Solar, H. BdariaW sad P. ScUaak, IHi., 347, IV (1987). 

» lu O 0 f«ttai sad L. A. WUssm* J. Am. Pharm. Asioc., 29^ 230 (1040). 
a H. HOaseiee. Bit,, dOp 14B1 (1927). 

• R. Kota sad S. Vsttsr* /Wa. 2874 (1988). 




CONSTITUTION OF NICOHNIC ACID AND NICOnNAIODB 

6. CSonstitotioa (rf Nkotii^ Add and of Nkotinandde 


The constitution of .nicotinic add was determined when this add was 
first obtained by oxidation of nicotine,” from which the name of tiiis add 
originate- 

The add character was established by the formation of a diver and a 
copper salt and by the formation of various derivatives such as esters, add 
ddozide, etc. The basic character was recognized by the formation of 
crystallized salts such as the hydrochloride, the hydrobromide, etc. By 
distillation of the caldum salt of the add, the carboxylic add group is 
split off and pyridine is obtained.” 


CO- 

/^Naphthylamine 
CHsOH CHtOH 

, Glycerine 


COOH 



3-Phenyl-p]nidme- 
dicarboxylic acid • 






4 


jS-Naphtho-quinolme 

COOH 



3*Phenyl-pyridine- 
carboxylw acid 


HOOC- 


tr 

Niootinlc acid 


The m- ca S-position of the carboxylic add group in reference to the ring 
nitrogen was suq>ected by Skraup who investigate^ the phyacal constants 
and the decarboxylation of tiie three possible pyridine-mono-caiboxylic 
adds: picolinic add (o> or 1,2-), nicotinic add {m- or 1,3-) and y-pyrid^ 
carboxylic add (p~ or 1,4-poatton).*^ The m-poation was proved to be 
the correot one upon (midation of the ^mtheticaUy prq>at^ 3-pbenyl- 

• a Babw, Bn., a. S49 (1870}; Asa., 141. S7l (1SB7}. K. WcMal, Ass.. US, S4« (1S7S). 

•M. Wsidd, Ass., MS. SSI (UTS). 

n Z. H. SkMS*. JfMSIi*., 1, SOO (1SSI». 
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pyridine, the constitution of which is beyond doubt. 3-Phenyl-pyridine 
was prepared from /5-naphtho-quinoHne, which in turn was synthesized 
from iS-naphthylamine and glycerine, ifil-Naphtho-quinoIine yields, upon 
oxidation with permanganate, i^i-phenyl-pyridine-dicarboxylic acid, which 
by stepwise decarboxylation yields the mono-carboxylic acid and finally 
;i-phenyl-pyridine.*® A further proof for the 3-position of the carboxylic 
acid group in nicotinic acid is its formation from the synthetically prepared 
w-dipyridyl.®* 


7. Synthesis 


(a) Nicotinic Acid 


1. By Oxidation of Nicotine. This is the method by which nicotinic 
acid was discovered. The oxidation may be accomplished by fuming nitric 
acid,*^ by chromic acid*® or by permanganate.*® 


CH CHj— CH, 

-HC k 


ni Jh n 

I 

N CH, 


H, 


CH 

/\ 

HC C--COOH 
HC £h 


N 


2. By Oxidation of /9-Pyridines. This method is really a generaliza- 
tion of the method first discussed. iS-Picoline,®^ 3-ethyl-pyridine,** 3- 
phenyl-pyridine,** 3,3'-dipyTidyl" and similar compounds have been con- 
verted by this method into nicotinic acid. 

3. By Decomposition of Pyridine-poly-carboxylic Acids. Any pyri- 
dine-poly-carboxylic acid, which has one carboxylic acid group in 3- 
position can be converted into the 3-mono-carboxylic acid by thermal 
decomposition^^ or by acidic^* decomposition. An exception to this rule 


** Z. H. Skraup and A. Cobeozi, Monalsh., 4, 430 (1883). 

» Z. H. Skraup and G. Vortmann, Ibid., 4, 594 (188;0> 

H. Weidd, Ann., 105, 331 (1873). 

» C. Huber, Ber., 3, 849 (1870); Ann., 141, 271 (1867). H. Weidd Ann., 165, 340 (1873). 
u K. Laiblin, Ber., 10, 2130 (1877) ; Ann., 196, 133 (1879). 

» H. Weidd. Ber., 12, 1992. 3004 (1879). H. Ost, J. prakt. Chem., [21. 27. 286 (188:1). B. Seyfferth. 
Ibid., (2). 34, 25$ (1886). 

^ H. Weidel and K. Hazura, Mouatsk., 3, 783 (1882). A. X.adenburg, Ann., 301, 152 (1898). A 
Wtschnegradski, Ber., 12, 1480 (1879). 

» Z. H, Skraup and A. Cobenxl. Momatsk., 4, 458 (1883). 

Z. H. Skraup mod G. Vortmann. Ibid., 4, 594 (1^). 

» S. Hoogewerff and W. A. van Dorp, Ann., 204, 117 (1880); Ibid.. 207, 219. 226 (1881); Ree. ir'av. 
ckim., 1, 122 (1882). R< Camps. Arch. Pharm., 240, 353, 359 (1902). H. Weidd and J. Henig, Mth 
Hotsh., t, 16 (18^). P. B. Ahrensand R. Gorkpw, Ber., 37, 2063 (1904). 

If. Out. /. prakf. Ckem., {2). 27, 286 (1883). S. Hoogewerff and W. A. van Oorp. Ber.. 14, 974 
(1880. If. Weidd and ). Herzig, biowtisk., 6» 982 (1885). 
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is the 3,4-dicaxbQxylic acid, which decarboxylates only under very drastic 
conditions, yielding p3rridine-4-carboxylic acid. 

4, By S3r&theBi8 trcrta P]fri<iine. This is a total synthesis of nicotinic 
acid. P 3 rridine is sulfonated with fuming sulftiric add, yielding the 3- 
sulfonic acid. By distillation of its sodium salt with potassium cyanide, 
nicotinic acid nitrile is obtained.^* 



Considerably better yields are obtained by first brominating pyridine in 
the 3-position, followed by conversion into 3-cyano-pyridine by means of 
cuprous cyanide. Saponification of the nicotinonitrile yields nicotinic 
add. 


(b) Nicotinamide 

1. By Amidation of Nicotinic Acid. Nicotinamide is obtained by 
passing ammonia gas into nicotinic add at 230^ C.^ 

2. By Amidation of Esters of Nicotinic Acid. The methyl- or ethyl- 
ester of nicotinic add yields nicotinamide on reaction with aqueous or, 
better, alcoholic ammonia.^ 

8. Industrial Methods of Preparing Nicotinic Add and Nicotinamide 

Nicotinic add and its amide are prepared according to the methods 
described before. The nitric add oxidation of nicotine, ^ rdatively cheap 
alkaloid obtained as a by-product from tobacco, is of special interest.*^ 
Alternative procedures are permanganate oxidations of /3-picoline or 
quinoline. For technical purposes the oxidation of the fraction of bases 
from coal tar or petroleum which distills between 135® mid 142® C.^ or the 
oxidation of the corresponding fraction of bone tar oil" has been considered. 

O. Fiscber. S«r.. IS, 63 (1882). 

«« S. M. McBlvaia and M. A. Goese, J. Am. Chem. Soc., 63, 2283 (1941). 

S. Xeimatstt, K. Yolcata and I. Satoda. J. Pkorm. Soc.. Japan, S3, 994 (1938). 

M C. Bngicr, Ber., 27, 1787 (1894). R. Camps, Arch. Pkofm., 240, 854 (1902). P. Poliak, Mo- 
natsh,, 16, 58 (1895). F. B. La Forge, /. Am, Chem. Soc., SO, 2477 (1928). 

« Org. Syntheses, Coll. Vdl, 1, 878 (1982). 

« A. Pinner, Ber., 33, 1227 (1900). 

« H. Wetdd, Ibid., 12, 1992 (1879). 
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A number of iV>substituted nicotinamide derivatives have atbacted 
commerdal interest because of their dinkal use in the treatment of shock, 
collapse and cardiac decompensation.** The most useful compound of 
these derivatives is the iV-dietl^l-nicotinamide. 


9. Biogeseiris of Nicotinic Add 

The biogenetis of nicotinic add is not known with certainty, but is 
believed to be linked with the amino-add metabolism. It has been sug- 
gested** that nicotinic add may originate from ornithine or proline. The 
first reaction product would be ^amino-valeric add. This reaction is 
common for bacteria** but has not been proved for plants. The further 
course of the suggested nicotinic add ^thesis is indicated in the following 
sdieme: 


CH, 

COOH 

nji NHt 

\h, 

Ornitliiiie 

-NHi|+Ht 

CHt 

dCbSi-COOH 
j^Amino-valeric add 


-NHi 


^NHs 



-Ht 


H»C— CH* 

H,(!: <!iH— COOH 
\/ 

NH 

Proline 


CH 

bH— COOH 

<!% 

\ 

NHi 

A*-5-Afiiiiio-pententc acid 




CH 

CH 

H|b^\— COOH -H. ^ 

HCf^\— COOH 


hS <!:h 


Y 

Ouvacin 

Nicotinic acid 


a X idactcd anaibfr of poteatf for tlie fveparatioa mad luo of theie eoaipounds appear in tlie pateat 
at stffrf of tlie book* 

•> M* Ouifettkalia» Ok hkgtmn Amim, New York, 1940, p. 174. 

w a Aokenaam. A. »M., 57, 104 (1010), C. Ncttberg, Bioektm. J7s 490 (1911). B. Salkoweld 
mad H. 8aftmnAdi, Btf., M, 1191 (1858). 
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10. ^izynie Systems Costiiaiiig Nicotfauunide 

All plant and anitral cdls contain among their enZ3rme systems certain 
dehydrogenases which transport hydrogen and take care of a number of 
different dehydrogenation reactions. The daSMcal conception is that 
eadi of these enzymes or, better, holoenzymes comets of an apoenzyme 
and a coenzyme. The apoenzyme, which is believed to have no catalytic 
properties of its own, is the protein bearer of the coenzyme, which is re- 
garded as the prosthetic group of the protein.** Another view is that the 
protein is the enz3rme itself and that the coenzyme merely acts as a specific 
substrate to accept hydrogen.** There are two coenzymes known of this 
class of dehydrogenases, namely, codehydrogenases I and II, which are 
also called coenzymes I and II. The number of apoenzymes which 
combine with these two coenzymes is considerably greater. It is believed 
that ihe two coenzymes need different apoenz3rmes for their action as 


Table I 


Sttbitrate aystem 

Apoeazyme souree 

Coeusyme 

^-Hydroxy-butyrate ^ acetoacetate** 

C^ardiac muscle 

1 

Formate COi -f HfO* 

Dried pea seeds 

I 

Lactate 7 =± pyruvate*’' 

Skeletal muscle 

I 

Malate oxaloacetate*’ 

Skeletal muscle 

I 

Alcohol 7 - acetaldehyde 

Yeast**' •• 

I 


Liver** 

I 

Glucose gluconic acid 

Liver** 

1 or 

Glutamic acid ty-keto-glutark* 

Plants 


arid f 




Yeas! 

fl«4t M 


Liver 

I or II** 

*2 Aldehydes L alcohol + 1 acid*’ 

Liver 

I 

(aldehyde mutation) 



o-Glycerophosphatc -► phosphoglycerale** 

Skeletal, intestinal and 
cardiac muscle 

I 

Phospho-glyceraldehyde diphospho- 

Skeletal and cardiac 

I 

glycerate** (triose catabolism)’* 

muscle, brain 


Olucose-O-phosphate 6-phospho-gIuconatc’* 

Yeast, erythrocytes 

II 

6-PhosphQ-gluconatc -*■ phospho-kelo- 

Yeast, animal tissues 

II 

hexonate’* 



Citrate «-keto-glutarate’* 

Liver, heart 

II 


foOowini p€ge for tobU fooinoUs.) 


M O. Warburg, Ergeb. Etumf^sch., 7« 210 (1937). 

M M. Dim aad L. O. Zerfaa* Biocktm, 34s 371 (1040), 
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oxidizing and as reducing agents. Specific proteins are used for each 
substrate and a specific protein , may in special cases dehydrogenate the 
same substrate with different coenzymes. 

Table I summarizes the better known dehydrogenation reactions in 
which the codehydrogenases participate. It is evident that these co- 
enzymes are involved in a wide variety of reactions. There are quite 
probably other such reactions, which have not been thoroughly investi- 
gated. It has, for example, been postulated that the oxidation of cysteine 
to cystine involves the participation of a codehydrogenase.^^ 

During the course of the dehydrogenation reactions indicated in the 
table, the coenzymes are reduced to dihydro-compounds. The reversi 
reaction, the oxidation of the dihydro-codehydrogenases to the codeA 
hydrogenases, is carried out in the presence of different apoenzymes as\ 
previously stated. Principally all dehydrogenation reactions are re-\ 
versible, although in living tissues usually no such equilibrium occurs due \ 
to the fact that the reaction products do not accumulate but undergo 
further reaction. Practically, the equilibrium can be demonstrated in 
many cases, such as in the system involving alcohol and acetaldehyde and 
is indicated in the table above for those systems for which the reversible 
reaction has been experimentally demonstrated. Equilibrium constants 
have been determined for the coenzyme I and for many of the reactions 


D. E. Green, J. G. Dewan and L. F, Leloir. Biochem. J., 31, 0.34 (19.37). D. K. Green and J. G. 
Dewan, Ihid., 31, 1090. 1074 (1937). 

M E. Adler and M. Sreenivasaya, Z. physiol. Chem., 249, 24 (19.37). 

D. B. Green, D. M. Needham and J. G. Dewan, Biochem. J„ 31, 2327 (1937) D. E Green and 
J. Brosteaux, /3fd.. 30, 1489 (1936). D. E. Green. Ihid., 30, 2095 (1936). 

•• B. Negeletn and H. J. Wulff, Biochem. Z., 289, 436 (1937); 293, 351 (19.37). 

** O. Warburg and W. Christian, Helv. Chim. Acta, 19, E 79 (1936). 

* H. V. Baler, E. Adler and H. Hellstrdm, Z. physiol. Chem., 241, 289 (1936). 

•I C. Lutwak'Mann, Biochem. J., 32, 1364 (1938). 

« D. C. Harrison, Ibid., 25, 1016 (1931). E. Adler and H. v. Euler, Z. physiol. Chem., 232, 6 (1935). 

» N. B. Das. Z. physiol, Chem., 238, 269 (1936). 

•4 H. V. Euler. E. Adler. G. Gdnther and N. B. Das. Ibid., 259, 61 (1938). 

^ B. Adler, N. B. Das and E. v. Euler, Sr. Vet. Ahod. Ark. Kemi, 12, 1 (19.37). J. G. Dewan, Bin. 
chem. J., 32, 1878 (1938). H. A. Krebs and P. P. Cohen, Ibid., 33, 1895 (19.39). 

« H. V. Euler, E. Adler and T. S. Eriksen. Z. physiol. Chem., 248, 227 (1937). K. Adler, G Giinther 
and J. B. Everett, ibid., 255, 27 (1938). 

f M. Dixon and C. Lutwak-Mann. Biochem, J,, 31, 1347 (1937). M. Dixon, Ergeb Entymforsch., 
8, 217 (1939). 

* H. V. Euler, E. Adler and G. GOnther, Z. physiol. Chem., 249, 1 (1937). 

« O. Warburg and W. Christian, Biochem. Z., 301, 221 (1939); 303, 40 (l039). 

» D. E. Green, D. M. Needham and J. D. Dewan, Biochem. J., 31, 2327 (1937). 

T> O. Warburg and W. Christian, Biochem. Z., 242, 206 (1931); 254, 438 (1932). K. Negelein and 
W. Oeriseher, ibid., 284, 289 (1986). 

» P. Dickens. Biochem. J., 32, 1626 (1938). F. Upmann, Nature, 138, 588 (1036). O. Waffmrg 
and W, Christian. Biochem. Z., 287, 440 (1936); 292, 287 (1936). 

*0 B. Adler. H. v. Euler, G. GOnther and M. Plass. Biochem. J., 33, 1028 (1989). 

u B. MaedhtBann, NaiuneisMensekaften, 27, 628 (1989). 
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catalyzed by the coenzytnes and are usually expressed in the form of the 
oxidation-reduction potential.’^ The potential JEo' for the coenz 3 nne I 
at 30® C. is approximately —0.29 volts.’® 

In tissues, the oxidation of the dihydro-coenzymes may be accomplished 
by coenzyme-linked reactions,” It is, for example, possible that /8-hy- 
droxy-butyrate is oxidized to acetoacetate (see Table I) with the formation 
of dihydro-cozymase I which in turn reduces an aldehyde to an alcohol. 
Thus, the following compounds have been shown to act as acceptors in 
the presence of the corresponding apoenzymes; acetaldehyde, pyruvate, 
oxaloacetate, triose-phosphate, imino-glutarate (or a-keto-glutarate + 
NHs) and fumarate” (in the presence of succinic-dehydrogenase). It 
has also been shown that the riboflavin-containing enz 3 rme systems (see 
page 171) may be linked with the oxidation of the dihydro-codehydro- 
genases. 


1 1 . Coenzymes Containing Nicotinamide 

(a) Codehydrogenase I 

S]rnonyms. Codehydrogenase I, Coenzyme I, Cozymase, Coferment 
I, Diphosph<)p 3 nridine nucleotide. Coferment of fermentation. Coreductase, 
Factor V.’®- “ 

Occurrence. Codehydrogenase I has been found in all animal and 
plant cells in which carbohydrates are metabolized. Yeast and red blood 
cells are especially rich sources, and some muscles, for example, heart 
muscles, contain relatively high amounts. In fresh yeast about 0.5 g. 
of codehydrogenase I is present per kilogram*' and in the heart muscle 
of rabbits 0.4 g. per kilogram.*- The same amount (0.1 -0.4 g.) has been 
calculated to be present in muscles of man** and of invertebrata.*® Code- 
hydrogenase I occurs also in micrcxirganisms and has, for example, been 
obtained from Azotobacter chroococcum.^ There seems to be a fairly con- 


” W. M. Clark, Tht Determination of Hydrogen Ion ConceniroHan^ Baltimore. 1928. U. MiGhaelis, 
Oxidation- ReducHou Potentialet Berlin, 1933. 

P. Schlenk. H. HelUtrAm and H. ▼. Euler, Ber., 71, 1471 (1938). H. BorMok, J. BioL Chem., 

029 (1940) 

J. G. l>ewan and D. B. Green, Biockem. 31, 1074 (1937). 

» A. hwofS and M. Lwoft, Proe. Roy, Soe, {London), B122, 352, 360 (1937): Compt, rend., 203, 520 
(1936). 

n H. 1'. Kohn. Biochem. J., 32,2075 (1938). 

« T. M. Rivers, Bull, Johns Hopkins Hosp„ 33, 149, 429 (1922). 
o O. Meyerhof and P. Obimeycr. Bioekem. Z., 290, 884 (1937). 

« H. V. Euler, Angeio, Chern,, »), 881 (1987). 

H. V. Buler. Atti JOth Congr, Intern, CAim., 1, 178 (1938). 

»* S. Ochoa and C. G. Ochoa. Nature, 140, 1097 (1987). 

« R. Nilsson, Arch, Mikrokiol,, 7, 598 (1987). 
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stant ratio of coenzyme to dihydro-coenzymeintliemttscleaofaflaiuiiuifa^ 
the reduced form being present in about 35-45% of the total amount.** An 
increaaedamountof the reduced form has been found in Jensen sa<ooma .**> " 

Isolation.** The isolation of codehydxogenase I is carried out by 
water extraction of the source, for example, of yeast or red Wood cells. 
It is necessary to destroy some of the other enz 3 rmes present prior to the 
extraction, by short heating to about 80° C., ance otherwise the code- 
h3rdrogenase is rapidly destroyed. After filtration or dialysis some of 
the protein impurities are removed by pred^ntation with 1^ acetate. 
The coenzyme itself may be extracted with phenol** and is predpitated by 
mercuric acetate or nitrate, picric add, phosphotungstic or dlicotungstic 
add (and decomposed by ether-amyl-alcohol-sulfuric add), by silver 
salts dther in ammoniacal solution or in a solution containing barium 
hydroxide (and heed from silver by hydrogen sulfide), by cuprous halides 
in the presence of hydrochloric add (and heed from copper by hydrogen 
sulfide), by ethyl-acetate horn an addified methanol solution, by acetone, 
and by alcohol. The latter is also used for fractional predpitation of this 
coenzyme. Purification may also be accomplidied by fractional adsorp- 
tion on aluminum oxide or charcoal horn weakly add solutions. 

The methods used for the separation of nicotinamide from the coenzymes 
have been described in the section on the isolation of nicotinamide (page 
222). The methods used for the separation of codehydrogenase 1 from 
codehydrogenase II will be found in the section on the isolation of code- 
hydrogenase II (page 235). To separate the flavin-adenine-dinudeotides 
(see page 179) which occur together with the codehydrogenases I and II 
in the phenol extract from certain sotuces such as yeast, the flavin com- 
pounds are predpitated in add solution as silver salts.*** ** 

Properties, ^dehydrogenase I is a colorless, water-soluble sub- 
stance, and is insoluble in most organic solvents. It exhibits a character- 
istic absorption spectrum with a maximum at 260 m/u.** H 3 rdrDgenation 
to the dihydro-codehydtogenase, which occurs during the enzyme action 
(see pi^ 238), changes the absorption spectrum duuacteristically with the 

MHUv. Baler, B. SciUa^^ H. Hdwhilnl and B. BOSbeix, Z. pkjrsM. Otm.. 2SS, 9W (»3S). 

» H. ▼. Biller, M. Meinberg and O. Gllnther, 2. Kr$h 9 foruh„ 49, 425 (1937). 

^ H. V. Baler, Brgdb. Physiol., J8s 1 (1986). O. Wartnirg and W. Chriatleii, Jfiosksm. Z., 287s 891 
(1986). O. Meyerhof, Ergsb. PkysM., 39, 10 (1987). H. v. Baler, H. Albert aiid P. Selllenk, Z. phys^ 
M, Ck$m., 260s 118 (1986); Forischr. Chem. org. Noturstoffs, Is 99 (1938). P. Otdmcyer, Bioekem. Z. 
297.66(1988). H. ▼. Baler ead B. Adler, Z. yAyrfof. CAeia., 288i 883 (1986). B. J. Jeadorf, J. BM. 
Chtm., I88s 805 (1941). K. M^biek ead H. human, Z. pkysM. Chsm., 228, 181 (1984). 

» O. Werbarg sad W. Chriftkm, Bioektm. Z., 298, 150. 877 (1988). 

M J. K. Blda, J. BM. Chsm., 184, 43 (1940). 

» p. Warburg oad W. Clirittiaa, Heh. Chim. Ae$a, 19, B 79 (1936). IH. v. Baler, B. Adler oad U. 
HeliitfOiB. Z. physiol Cileei., 241, 289 (1936). K. Myrblek, H. v. Baler end H. HMletrOm. /5tf., 218s 7 
(1988). 
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appearance of an additional band at 320-'^360 with a m^imiitn at 
340 niM (see Fig. 13). 

While the codehydrogenfu^e I shows no fluorescence, the dihydixMHxm- 
pound exhibits a strong whitish fluorescence upon irradiation with ultra* 
violet light. 



Kig. 1.3. — Absorption spectrum of codebydrogenase II in 
oxidized ( ) and in reduced ( ) form. (O. War- 

burg and W. Christian.) 


Codehydrogenase I is optically active, the j^)ecific rotation being ap- 
proximately —20® for the red cadmium line (643.9 m^)** and —70® for 
the green mercury line (546 m/i). 

Codehydrogenase I is quite stable in acid solution at moderate tem- 
peratures,*^ whereas the <hhydro-codehydrogenasc is destroyed by adds. 
In alkaline solution, codebydrogenase is rapidly destroyed,** whereas the 
dihydro-codehydrogenase remains unchanged when heated for 30 minutes 

K. Myrbick, H. v. Euler and H. Hellatrdm, Z. fkysiift, Ch*m., 212, 7 (1S32). 

M K. Msrrbidc. fM.. 22i, 250 <1S35). 

M K. Myrbtek wd B. Oitettblud. lbid» 224, 254 <1226). 




232 


NICOTINIC ACID — NICOTINAMIDE 


to 100® C. in 0.1 iV sodium hydroxide solution^ Codehydrogenase is 
inactivated by ultraviolet light®® 

Constitutionu Codehydrogenase I is water-soluble and relatively stable 
against oxidation, for example, against hydrogen peroxide, but is attacked by 
this oxidizing agent in the presence of various catalysts, such as iron, etc. 

Codehydrogenase I has the empirical formula C 2 JH 27 N 7 O 14 P 2 .®’’ It 
is a dinucleotide which yields on hydrolysis adenine,®® nicotinic acid 
amide'®®’ '®' and two mols of rf-ribose-phosphoric acid.'®- The phosphoric 
acid is linked to the ribose in 5-position, since no formaldehyde is obtained 
by oxidation of the ribose-phosphoric acid with periodic acid.'®® Alkaline 
hydrolysis of codehydrogenase I yields adenosine-diphosphoric acid,'®^ 
which proves the existence of a pyrophosphate linkage in the coenzyme 
molecule. Cozymase titrates as a monobasic acid,®* the naturally oc- 
curring dihydro-cozymase as a dibasic acid. These experimental results 
suggest that one of the free hydroxyl groups of the phosphoric acid parts 
of the molecule is linked to the pyridinium nitrogen atom. Euler and 
Schenk suggested the following formula for codehydrogenase I r®** '®® 
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Sjnithesis* No clear-cut chemical synthesis of codehydrogenase I 
has been reported. It has, however, been observed that certain blood 
constituents are able to convert in vitrct nicotinic acid and nicotinamide 
into both coenzymes I and 11. It was first assumed that normal erythro- 
cytes accomplish this synthesis,*®® but it was shown subsequently*®^ that 
nucleated cells, that is, the white cells of, for example, the lymphoid and 
myeloid series, must be held responsible for the synthesis of these co- 
enzymes. 

There is also a definite indication of an enzymatic synthesis of code- 
hydrogenase I from codehydrogenase II.*®®» *®® 

Determination by Physical Methods, i. Absorption spectrum: 
While codehydrogenase exhibits a typical maximum at 260 m/i» which might 
be used for its determination, the t 3 rpical band at 340 mix which appears 
only when the coenzyme is in the dihydro form, is much more useful. 
Codehydrogenase II gives the same absorption spectra. The spectro- 
photometric method therefore cannot be used to dififerentiate between the 
two coenzymes. 

2. Fluorescence: The fluorescence of the dihydro-codehydrogenase 
has successfully been used for following the oxidation-reduction of this 
coenzyme.**® The fluorescence is acid sensitive. 

Determination by Chemical Methods. Codehydrogenase can be 
determined by the same chemical methods which are used for the determi- 
nation of nicotinic acid (see page 240). These methods, however, do not 
differentiate the nicotinic acid from the coenzymes. The state of equilib- 
rium of codehydrogenase with its reduced form in active enzyme systems 
can be analyzed by acidification which destroys the dihydro-compound 
(probably due to addition of the mineral acid to the double bonds of the 
partly reduced pyridine nucleus***) but leaves the codehydrogenase itself 
untouched. The latter is then determined by any of the known 
methods.**®’ **® On the other hand, the dihydro-compound can be deter- 
mined alone by making the solution containing the reduced and the non- 
reduced form alkaline whereby the codehydrogenase I is destroyed. 
Another chemical method which has been suggested for the determination 
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of codehydrogenase is the determination of the total h3rdrogen consump* 
tion upon catalytic hydrogenation in the presence of sodium borate. 

Detenninatioii by Biochemical Methods. Codehydrogenase I and 
its dihydro-form are usually detomined by the degree of activation which 
they exert on fermentation *“• “* in the presence of an excess of the 
apodehydrogenase. The criterion is the amount of COt evolved under 
specified conditions which is proportional to the codehydrogenase I con- 
centration. This method is somewhat unreliable due to the fact that the 
purity of the apoenz3rme is not standardized. This method is specific 
for codehydrogenase I and codehydrogenase II. Nicotinic acid and its 
amide do not respond to this test. 

Another biochemical assay procedure for codehydrogenase I is based 
upon the fact that the oxidation of lactic acid by animal tissues requires 
the presence of codehydrogenase I.*** 

Deteimination by Biological Metiiods. BaciUus influenzae can be 
used to measure accurately the total content of codehydrogenases in blood 
and of yeast (and probably of other sources), since this bacillus cannot 
s)mthesize the codehydrogenases from their constituents, but needs the 
coenzymes for proper development.*'*- ‘*®- *** 

Standard. One unit of codehydrogenase I is defined as that quantity 
which produces 1 cc. of carbon dioxide in a normal fermentation'** under 
specified conditions. 


{b) Codehydrogenase II 

Synonyms. Triphosphopyridine nucleotide, Warburg’s Coferment, 
Respiratory coenzyme, Grovdh factor V.***- ***- '** 

Occurrence. Codehydrogenase II seems, like codehydrogenase I, 
to occur in practically all living cells. These apparently have the power 
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of synthottzing both codeh]rdn^;enases (see under Synthesis, page 233) 
hxnn nicotinic acid. It has also postulated that the living cdl is 
able to convert coddhydipgenase I into codehydrogenase II. It 
plau^le, therefore, that both coenzymes are found together.' It is 
noteworthy that the ratio of the amounts of the two coenzymes may vary 
considerably in different sources. While 3reast contains very little code- 
hydrogenase II, animal tissue contains as much as 40-80 y per gram.*’* 

Isolation. The isolation of oodehydrogenase II is carried out, for 
example, from washed red blood cells, by destruction of the cell structure, 
followed by a combination of various precipitation reactions.*"- *“ Code- 
hydrogenase II is precipitated from a water solution by acetone, by ethyl- 
acetate, especially from a methanol-HCl solution, by mercuric acetate, 
by barium salts, by lead salts, etc. 

Separation of Codehydrogenase I from Codehydrogenase H. The 
following methods have been recommended for the separation of the two 
coenzymes: 

1. Codehydrogenase 1 is separated as the cuprous salt*” whereby code- 
hydrogenase II remains in solution and can be isolated separately. 

2. Codehydrogenase II is precipitated by lead acetate, codehydro* 
genase I is not.*” 

3. Codehydrogenase II is more stron^y adsorbed on aluminum oxide 
than codehydrogenase I.*” The codehydrogenase II is eluted from the 
AljOt by KHtPOi solutions. 

4. The barium salts of the two codehydrogenases can be separated by 
fractional precipitation with alcohol.**' 

Properties. The properties of codehydrogenase II resemble very 
closely those of codehydrogenase I. They are colorless, water-soluble 
compounds which are insoluble in organic solvents. Codehydrogenase II 
is soluble in mganic solvents in the {aesence of hydrodiloric acid, for 
example, in methanol-HCl. 

Codelqrdrogenase II exhibits the same characteristic absorption band 
at 260 m^ as does codehydrogenase I. The maximum of the typical 
dihydro-codehydrogenase absorption is at 340 m/u*** (see Fig. 13). The 
latter compound also shows the characteristic fluorescence when irradiated 
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with ultraviolet light. This destroys both codehydrogenases rap- 
idly. ***• Codehydrogenase 11 is unstable in alkaline solution, but 
stable in acid solution. 

In isolated muscle tissue codehydrogenase II is rapidly inactivated.**® 
Codehydrogenase II is optically active : (a ]589 mM == —24.6®, [a] 54 emM 
-29.4®. 

Constitution. Codehydrogenase II has not yet been isolated in the 
pure form. The probable empirical formula is C2iH28N70i7P8.*®^ This 
corresponds to 1 mol adenine, 1 mol nicotinamide, 2 mols pentose (prob- 
ably d-ribose) and 3 mols phosphoric acid. Codehydrogenase II seems 
thus to differ from codehydrogenase I only by one additional phosphorici 
acid group. Adenine and nicotinamide have been isolated from the break A 
down products of this coenzyme.**®* Codehydrogenase II is dibasic 
since the results of electrophoresis determinations established two different 
dissociation constants: p/d = 1.8 and pKt — ^>1. The following formula 
for codehydrogenase II has tentatively been suggested :* *® 
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No definite proof for this structure has as. yet b^n obtained. As a 
matter of fact, this structure seems doubtful in view of the fact that mi 
apparent ^the»s of codehydrogenase II from codehydrogenase I by two 
different methods has been accomplished (for details see below). Since 
these synthetic methods consist in the addition of one mol of phosphoric 
acid to codehydrogenase I, it would appear ^t the proposed formula 
for the coenryme II containing three phosphoric acid groups in one chain 
is rather improbable. It may be that one of the phosphoric acid radicals 
is attached to the molecule of codehydrogenase I as a side chain, thus 
forming the molecule of codehydrogenase II. It is noteworthy that code- 
hydrogenase II has apparently no free amino-group since it does not react 
with nitrite.**^ 

Synthesis. It has already been pointed out in the section on Syn- 
thesis of Codehydrogenase I (p. 233), that a partial synthesis of code- 
hydrogenase II can be accomplished from nicotinic add or nicotinamide by 
the action of nucleated cells in vitro. 

Codehydrogenase II can apparently be syntherized from codehydro- 
genase I, since the product obtained shows the same properties as does 
codehydrogenase H in the test for dehydrogenating Robison ester. 
Ultimate proof for the accomplished conversion is still lacking. This 
assumed conversion of codehy^ogenase I into codehydrogenase II has 
been carried out (1) by means of phosphorus oxychloride in ether;'** (2) 
by enrymatic phosphorylation.*** 

Determination by Physical and Chemical Meffiods. The same 
methods which were described for the determination of codehydrogenase I 
can also be applied to codehydrogenase II. There is no physical or chemi- 
cal method of differentiating between these two roenzymes. 

Determination by Biochemical M^ods. 1. C^diydtogenase II 
and its dihydro-fonn are usually determined according to the Warburg 
technic by comparison with a standard preparation of this coenzyme in a 
system which dehydrogenates hexose-monophosphoric acid (Robison ester). 
In addition to the coenzyme, the spedfic apoenzyme and the “yellow 
ferment’’ are also nece^aiy. 

Determination by Biological Methods. Codehydrogenase II can be 
determined the growth test with Haemophilm parainfiumtae as de- 
scribed for the determination of codehydrogenase I. 
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12. Mechanism of tiw Nfeotinamide Coenzyme Action 

It has previously been stated that the action of the various nicotinamide- 
containing enzjrme systems consists in the dehydrogenation of various 
substrates. During this reaction, the codehydrogenase absorbs two 
atoms of hydrogen, thus being reduced to a dihydro-form. The dihydro- 
codehydrogenase is in turn oxidized, and thus reconverted into the code- 
hydrogenase. The nicotinamide part of the molecule is responsible for 
the phenomenon of the reversible reduction-oxidation reaction of the 
codehydrogenases. In vitro, this reduction to the dihydro-codehydro- 
genases can be brought about by the action of sodium hydrosulfite, Na«S^ 4 , 
in weakly alkaline solution. In order to study the mechanism of ws 
reaction and the constitution of the reduced and oxidized forms of W 
coenzymes, the reversible reduction of a number of simple nicotinamiue 
derivatives has been examined.'" It was found that only those derivatives 
which have a pentavalent ring-nitrogen yield dihydro-compounds with tUe 
same characteristic absorption spectrum as the dihydro-coenzjme. Upon 
reduction, the nitrogen becomes trivalent. Nicotinamide-iodomethylate 
proved to be the most characteristic model substance: 

|j''^y-CONH, 

\j+ 2H,0 + NaAO, 

N 

The dihydro-nicotinamide compounds, but not the corre^nding un- 
reduced molecules, exhibit a typical whitish fluorescence upon irradiation 
with ultraviolet light. The dihydro-compounds show an additional 
typical absorption band in the ultraviolet with a maximtun at 340 mix. 
By comparison of these characteristics with known dihydro-p 3 rridine com- 
pounds, it has been concluded that the constitution of the dihydro-com- 
poiind is that of an o-dihydro-compound. Additional evidence is furnished 
by the deep yellow color of the dihydro-compound, which would be im- 
prob^le for a p-dihydro-compound. The results of these experiments 
indicate that in the natural codehydrogenases the ring-nitrogen of nicotin- 
amide is chemicaUy bound in such a way that upon reduction a tertiary 
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nitrogen is formed. Ttie formula of the oodehydrogenases is therefore 
written in the form of a quaternary pyridinium salt, whidi in the dihydro- 
form possesses an additional acidic group: 



-R 


The exact poation of the reduced double bond in relation to the carboxylic 
acid-amide group in the dihydro-nicotinamide is still unknown. It is 
generally assumed that the double bond in a,d-poation is reduced; the 
Y, ^position, however, cannot be excluded on the basis of the present 
knowledge.*" 

13. Specificity of Nicotinic Add and Nicotinamide 

The compounds of this group which are known to be efifective when pven 
orally are nicotinic add, its salts, for example, the sodium salt, nico- 
tinamide, the iV-methyl-amide and the Af-diethyl-amide of nicotinic add, 
ethyl-nicotinate, nicotinamide-gjurosido-iodide and nicotinuric add.*" 
It is assumed, as would be expected on a chemical basis, that all these 
compounds are converted in the org^tusm into nicotinamide. Since a 
number of other i\f-substituted mcotinamides have been found quite 
effective in the treatment of heart weakness, it is suspected that tiiese 
derivatives will also prove elective as ritamins. 

The ring-nitrogen apparently must be unsubstituted for the exhibition 
of vitamin activity, snice trigonelline, the nicotinic add-methjd-betaine, 
is inactive.*" Hus is eadly -understood, since in enzyme S3rstems the 
ring-nitrogen is attadied to the.rest the enzyme molecule. 
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Trigonelline Nicotinuric acid 


Quinolinic acid/^® pyrazine-carboxylic acid and pyrazine-2,3-dicarboxylic 
acid are active in curing human pellagra^"* (500-800 mg. daily per os) 
and are said not to produce the vasodilator symptoms which often follow 
the administration of nicotinic acid. Dysentery bacilli can use thiazole- 
6-carboxylic acid as a substitute for nicotinic acid.“^ All these compounc 
were found inactive in dogs.^^^* 


14. Determination of Nicotinic Acid and Nicotinamide 

(a) Chemical Methods 

1« The Cyanogen Bromide Method. This method is based on the 
principle'** that pjrridine derivatives give specific colors with cyanogen 
bromide and a primary or secondary amine. In order to determine the 
quantity of nicotinic acid in natural products, the latter must be totally 
hydrolyzed to contain only the free acid. The solutions, protected from 
light, are warmed with CNBr in the dark and treated with an amine,'** 
for example, with />-amino-acetophenone,'** jS-naphthylamine,'** ani- 
line,'*^* AT-methyl-p-amino-phenol,'®® />-methyl-amino-phenol- 

sulfate'*® or others. A yellowish green color develops which is meastued 
in one of the usual apparatus and can be extracted with amyl-alcohol.'** 
The color can be stabilized by a phosphate buffer of pH 6.1.'*' 
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It has been stated that the color developed with p-amino-acetophenone 
is more suited for quantitative determinations of minute amounts of 
nicotinic acid than the color from any of the other investigated amines. 
About 1 mg. of nicotinic acid in a 1 g. sample can be recognized by this 
procedure.^®* 

The cyanogen-bromide method is not specific for nicotinic add. A 
number of other pyridine derivatives and especially derivatives of nicotinic 
acid, such as trigonelline, nicotinuric acid and nicotine, give similar color 
tests. 

2 . The 2,4-Diiiitro-chlorobenzene Method. The material to be 
analyzed according to this method should contain only the free nicotinic 
add or its amide. In most cases, therefore, at least a partial hydrolysis 
must be carried out. The dry material is then fused with 2,4-dinitro- 
chlorobenzene and the reaction product is dissolved in alcohol and potas- 
sium hydroxide is added. The color developed is measured colorimetri- 
cally.^*®* 

Neither of these two methods is spedfic for nicotinic add as the same 
colors are given by many p 3 rridine derivatives. During systematic studies 
of the nicotinic acid content of various plant and animal materials it has 
been observed that the materials, especially cereals, give color reactions 
with these two methods in amounts which cannot be explained on the basis 
of the amount of the nicotinic add actually present.^®’ Further inac- 
curades arise from procedures in which nicotinic acid is extracted from 
other undesirable compounds and from attempts to prepare colorless ex- 
tracts as is necessary for the determination of nicotinic add in turine and 
in blood (see p. 247). 

For the determination of nicotinic acid in tablets and in ampules, a 
tentative A. O. A. C. method (Association of Official Agricultural Chem- 
ists) has been worked out^®* which consists in subliming preferentially the 
nicotinic acid out of the sample and by weighing or titrating*®® the sub- 
limate. 
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Nicotinic add is separated from Us amide by ether extraction of a water 
solution. Only the amide is extracted by ether. 


(Jb) Biochemical Methods 


LactobaciUttS Test. In this test the amount of lactic add produced 
by the Lactobacillus arabinosus is measured. When adequately supplied 
with all necessary growth factors, the quantity of lactic add produced is 
directly proportional to the amount of nicotinic add present.'’* Tius 
method has several advant{^;es over the chemical methods of nicotinic 
add assay. Turbidity and color of the sample to be tested do not interfe 
with the determination. Nicotinic add and its amide have equal activitie 
The sensitivity of this test is greater than that of the chemical tests. On^ 
y or less can 1^ determined accuratdy. 


(c) Biological Methods 


None of the proposed biological methods listed below has been used 
extensively enough to claim quantitative determinations under all condi- 
tions. In earlier qualitative experiments, dogs proved very valuable as 
test animals and it seems that some of the microorganisms will serve in the 
future for quantitative determinations. The following methods have 
been suggested: 

1. Dog test 

2. Chick test®* 

Moth test {Galleria meUmeUa).”* 

4. Microorganian growth tests on Staphylococcus aureus,™' 
Shigdla paradyseateriae™ and Bacterium proteus.™ 
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15. Standard Nicotinic Add and Nicotinamido 

Up to the present time no national or international standard has been 
set up for nicotinic acid or nicotinamide. There is actudly little need for 
such a standard, since nicotinic add and its amide are well-known crystal- 
lized compounds which are used on the weight basis. 

16. ]niysiology of Plants and Microoiganisma 

Nicotinic add amide is a normal cell constituent and growth factor for 
plants and microorganisms. It is generally assumed that the coenzyme 
function in reversible oxidation-reduction systems represents the main' 
actmty of nicotinic add, but some evidences have been brought forward 
which indicate that nicotinic add or its amide may have an additional 
function outside the coenzyme linkages (see page 245). 

The actual need of plants for nicotinic add has been demonstrated on 
isolated pea embryos and isolated pea, radish and cosmos roots. *** 
Among the microorganisms are certain spedes which ^thesize their own 
nicotinic add requirements while others dq>end upon an external supply 
of this essential nutrient. Among the organisms which need nicotinic add 
as a regular food constituent are certain bacteria such as B. diphtheriae,^** 
B. dysenteriae,^* B. proUus,'** Staphylococcus aureus,'^’ “* lactic add 
bacteria, protozoa such as Protista’** and certain fungi. *** Still more 
parasitic organisms need an external supply of the codehydrogenases for 
proper growth which is not induced by the administration of the com- 
ponents of the coenzyme. The B. influenzae belongs to this group.’” 

17. Animal Physiology 

General Physiology, Metabolism and Mechanism of the Vitamin Action 

The normal dietary intake of nicotinic add conrists mostiy of the co- 
enzymes which are present in food of plant and animal origin. It is as- 
sumed that the enzyme complex is split in the intestinal tract but it is 
uncertain if the coenzymes can be abscnbed as such m* if they are hy- 
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drolyzed prior to the absorption. Nicotinic acid and its amide are absorbed 
unchanged. Nicotinic add is amidated in the organism after absorption by 
the blood stream. The nicotinic add and its amide are transported in the 
blood serum, which maintains a certain level of this essential compound, but 
contains no coenzymes. The blood corpuscles, on the other hand, contain 
rdatively high concentrations of the coenz 3 nnies but no free nicotinamide. 

There are no special storage organs for nicotinic add or any of its de- 
rivatives. In the form of the coenzymes, nicotinic add is present in prac- 
tically all cells. While nicotinic add defidency in the dog and pig results 
in a lowered coenzjrme content of the liver and musdes,*®'* no stib- 
stantial effect has been noted upon the coenzyme content of the bram, 
kidney cortex and blood. In human beings, nicotinic acid defidency cau^ 
a marked decrease in the coenzyme content of striated muscles but h^s 
only a slight effect upon the coenzyme content of the erythrocytes.^®^ 

Nicotinic add is, like all the other vitamins, secreted in milk and is found 
in eggs. 

Nicotinic add and its metabolic end-products are excreted through the 
urine. The normal human organism excretes a certain amount in the free 
form. Coenzymes are not excreted.^®®* ^®* Ingested nicotinic acid is 
excreted in considerable amounts in the form of nicotinuric acid and 
trigonelline. There is, furthermore, apparently a combined form of 
nicotinic add in the urine which may be different from nicotinuric acid. 
The total output depends upon the intake. Normally about 4~5 mg. are 
excreted daily, Lowered values have been observed in pellagrins and 
during times of anorexia. Guinea pigs deprived of nicotinic acid show a 
progressive decrease of nicotinic acid excretion which reaches a zero value 
at the time when clinical deficiency symptoms develop. Dogs excrete 
only trigonelline and nicotinuric add but no nicotinic add or its amide. ^®® 
Rabbits, on the other hand, cannot synthesize trigonelline from nicotinic 
add.*®® 

Nicotinic add appears to function mainly as a part of enzyme systems 
which have been discussed previously and which take part in the protein 
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and the carbohydrate metabolism by transporting hydrogen. At birtii 
the tissues of mammals contain only small amounts of the nicotinamide 
coenzymes I and II (about 100-150 7 per gram of liver or kidney in rats), 
but the amount rises rapidly and reaches the normal range of adults (about 
550 7 in rats) in about seven days.”‘ 

There is the possibility that nicotinic add may act in other functions 
than through the coenzymes I and II. Thus, nicotinic add defidency 
causes water retention and may therefore be linked with the water me- 
tabolism.*®* This effect could, however, be understood as a side reaction of 
the disturbance of the carbohydrate metabolism. Nicotinic acid also 
influences the metabolism of the heavy metals. Also in this case, as in 
the influence upon the water metabolism, no decision can be made on the 
basis of the experimental facts as to whether this is a primary action of 
nicotinic add, its amide or the coenz 3 rmes, or if these disturbances are 
secondary reactions. A pigmentation in the skin and the mucous 
membranes of the mouth is often observed in a human being suffering from 
a nicotinic add defidency. The pigment is not melanin but an iron 
pigment.*®* As the result of a nicotinic acid deficiency a type of anemia 
occurs which responds favorably to iron therapy. The iron-containing 
porphyrins undergo some kind of decomposition and as the result of this 
an increased amount of porphyrin-compounds is secreted through the 
urine. *®^ The copper- and iron-containing enzyme systems such as cyto- 
chrome, the polyphenol-oxidases, the peroxidase and catalase, appear to 
be affected. Thus, for example, a disturbance of the tryptophane catabo- 
lism has been observed in pellagrins which resulted in the excretion of 
indoxyl-ethyl-amin,*®* The disturbances of the sympathetic nervous 
system could perhaps be explained as a disturbed relation of the polyphenol 
oxidases to adrenalin. 

Nicotinic acid decreases the peristaltic action of the stomach and small 
intestine, while inositol (see page 279) increases this action. The other 
members of the B-complex have no apparent action of this type. It has 
therefore been suggested that the balance or ratio of nicotinic acid to 
inositol is the nutritional factor which determines hypo- or hyper-gastro- 
intestinal motility.*®* 

There are observations which indicate functions of nicotinic acid which 
cannot be explained on the basis that nicotinic acid acts only through the 
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coenz 3 mM!S. Blacktongue in dogs can be cored easily by nicotinic add, 
but no significant effect could be noted idien coa^nMse was injected 
intravenoudy in an amount which on the bads of its nicotinic acid content 
would have been e3q)ected to exert benefidal effects.*** Growth and tes- 
inration of dysentery bacilli are much mtxre favcnubly influenced by nico- 
tinic acid or its amide than by the oienzymes, and the efficacy of the action 
of the coenz 3 unes can be increased markedly by hydrol}rsi8 under condi- 
tions which free the nicotinamide.**** *** 

18. Avitaminoais 

There are no clinical symptoms known for slij^t nicotinic acid deficiei)ry 
in man. Definite diagnostic evidences develop late.*** In severe ca%s 
the blood level of nicotinic add is decreased. This has frequently bem 
observed*** in pregnant women on diets low in nicotinic add, since during 
pregnancy increased amounts of this vitamin are needed. Another rela- 
tively early symptom of nicotinic add defidency is the excretion of por- 
phyrins in the urine.*** 

lire typical symptoms of nicotinic add defidency in man are commonly 
summarized in the term pellagra. The typical pellagrin shows character- 
istic lesions of the mucous membranes, for example, hr the mouth (glossitis)^ 
and of the skin over the nose, forehead, dorsum, hands, wrists, elbows, 
knees and feet. This tsrpe of dermatitis involves espedally those parts 
of the body which are exposed to sunlight or to friction. Disturbances of 
the gastrointestinal tract are observed in many ca.ses. In later stages of 
the disease, mental disorders and lessions of the central nervous system 
occur, which are characterized by clouding of consdousness, cogwheel 
rigidities and uncontrollable grasping and sucking reflexes.*'* A certain 
form of anemia has been observed in severe cases. Diagnoris of pellagra 
is sometimes very difficult since the s}rmptoms described do not necessarily 
occur all at once. 

TyiMcal pellagra is, however, not a disease caused solely by a nicotinic 
add defidency. Usually pellagra is the result of a multiple vitamin de- 
ficiency and can be cured only by the administration of several or alt 
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membeiis of the vitamin B-^mpkx. Besides nicotinic acid, riboflavin 
and thiamin therapy are e^iedally necessary.**** *** 

Nia>tinic acid treatment has been observed to give beneficial lesidts to 
pneumonia patients who under sulfanilamide therapy have developed a 
black-dotted heavy furring of the tongue whidi resembks the blacktongue 
of dogs.*** 

. The lesions in the mouth caused by nicotinic add deficiency sometimes 
are very similar in appearance to the lesions of Vincent’s infection but are 
genetically different. It seems that Vincent's infection frequently sets 
in when the mucous membranes are weakened due to nicotinic add de- 
fidency and in such cases a treatment with nicotinic add is, of course, 
beneficial.**' Encourai^g results have been obtained by administration 
of nicotinic add for the prevention and treatment of irradiation (x-ray) 
sickness.*** Furthermore, it has been suggested*** that nicotinic add may 
be of value in the treatment of eighth nerve (high tone) deafness. 

In dogs, the typical ^ndrome of nicotinic add defidency is the occur- 
rence of blacktongue. In adrenalectomized rats a special form of derma- 
titis has been noted which reiqwnds favorably to treatment with nicotinic 
add.*** 


(a) Clinical Test Methods 


The methods which have been suggested for the determination of a state 
of nicotinic add defidency comprise the determination of the amount 
excreted in mine or present in blood. In addition, the occurrence of 
porphyrins in the urine can be used as an additional test method. 

Urine Tests. The determination of the excretion of nicotinic add 
is difficult since urine contains this compound not only in the free form 
but also in the form of various derivatives, mainly as nicotinamide, nico- 
tinuric add and trigonelline. In order to obtain uniform results, the 
urine must be hydrolized, preferably with alkali.*** The color presoit in 
urine invariably interferes with colorimetric determinations for the nico- 
tinic add content. PreferentiaL adsorption of the colored materials on 
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chaxcoal at on zinc hydroxide**^ has been suggested. None of the cokM* 
reactions can be considered reliable since urine contaimi aibstances which 
interfere with the determination. As the result of these difficulties, only 
approximate values can be expected from the determination of nicotinic 
add in urine. For the actu^ test, the color reaction with 2,4^initro- 
ckiorobenzene has been modified for urine anal 3 rds.*^* The hydrol3rzed 
and decolorized urine is evaporated and the dry residue is mixed with 
2,4-dinitro-chlorobenzene in alcohol, and after stuiding for several hours 
the alcohol is distilled off and the residue is heated to 105° C. for 10 min- 
utes. After cooling, a solution of KOH in alcohol is added. A purple 
color develops which can be determined by the usual methods. The 
cyanogen-bromide method has frequently been used for the determinatiW 
of nicotinic add in urine and a number of riight modifications of the ba^ 
technic have been recommended.***- ***• ***• *** Both of these methods afte 
unreliable because other compounds, for example, nicotine and trigonellin^ 
give similar color reactions.*** 

A somewhat better method for the determination of a defidency is to 
po-form an excretion test on the patient.*** Excess doses of nicotinic add 
or its amide are given and the amount excreted is determined before and 
after the ingestion. The total amount of compounds which behave like 
nicotinic add in the color tests varies considerably in normal persons*** 
and is dependent on many factors. Thus, smokers usually excrete in- 
creased amounts of chromogenic material. Upon oral administration of, 
for example, 500 mg. of nicotinic add to normal individuals, the urinary 
output rises to its maximum within one hour and drops to normal in about 
four hours. In a series of experimental tests it was found that from the 
ingested 500 mg. about 110 mg. are excreted by normal persons. Of this 
total amount about 51% is present as trigonelline, 36% as nicotinuric add 
and 13% as free nicotinic add or nicotinamide. Coenzymes are normally 
not excreted. 

A state of nicotinic add deficiency can also be suspected from the 
excretion of porphyrins through the urine, but it riiould be remembered that 
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porphyruria may have other causes than a nicotinic add deficiency. In 
the actual test, the urine is addified with acetic acid and extracted with 
ether. The ether solutbn is washed with water and then with 25% 
hydrochloric acid. The latter causes the appearance of a color, which 
indicates the presence of porphyrins.*^ 

Blood Tests* Blood contains both nicotinic acid (or its amide) and 
the codehydrogenases. The latter are almost completely confined to the 
blood coipuscles,*®*' ***• *** while the serum contains only the free nicotinic 
add (or its amide). Of the total amount, about 90% is in the er 3 rthrocytes 
and this amount decreases only very slightly at times of nicotinic acid de- 
fidency. The small amount of free nicotinic acid present is a function of 
the intake. Upon oral administration of nicotinic acid to fasting persons 
the blood level increases promptly but returns rapidly to values only slightly 
higher than the basal level.*** Hie total nicotinic acid content of the blood 
of normal persons ranges between 0.52 and 0.83 mg. %.*** 

The actual determination of the nicotinic add (or its amide) can be 
carried out by means of the cyanogen-bromine method,^^^* ***' ***• **^' *** by 
the Bacillus proteus growth method^^^ and the codehydrogenase I can be 
determined by the fermentation method^^ 

19* Hypervitaminosis 

The intake of about 1000 times the amount of nicotinic acid which is 
normally consumed in food may be considered as relatively non-toxic. 
Higher doses, however, exhibit t)T>ical toxicological symptoms. Dogs 
kept at a daily intake of 2 g. of nicotinic acid died within twenty days. In 
human beings, the oral administration of large quantities of nicotinic acid 
is followed by flushing, burning, itching and increased sensations of local 
heat in the skin. Nicotinic acid amide does not produce these symptoms, 
and is, therefore, recommended for clinical use. 
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20. Nicotinic Acid Requirements 

It is established that all living tissues need nicotinic acid. Some organ- 
isms need an external supply of this vitamin while others are able to synthe- 
»ze it. 

The daily requirements of man are of the order of 12 23 mg. (Details 
see page 613). Therapeutically, nicotinic acid has been given orally in 
daily doses ranging from 50 to 500 mg. Monkeys apparently need about 
5 mg. daily The necessity of a regular intake of nicotinic acid has also 
been proved for dogs,*^* pigs^^^ and the moth, Galleria meUmella.^*^ 

Certain species of microorganisms are able to synthesize nicotinic acid, 
such as, for example, Chilamonas Paramecium , while other species, such 
as Bacterium pneumococcus,'^*'^ need an external supply of nicotinic acid for 
proper growth. Some other unicellular organisms, for exampl^, 

the Bacillus influenzae,'^ do not grow upon administration of nicotini^ 
acid or its amide, but need codehydrogenase I or II. Some of the micro- 
organisms which are able to synthesize nicotinic acid have been shown to 
live in the intestinal tract of higher animals, such as, for example, in sheep^* 
and in cattle.*®* 

The nicotinic acid requirement of the rat has been the subject of exten- 
sive discussion. While it is certain that the rat needs this vitamin,*®*- *®*' *®® 
the question as to whether or not the rat must have nicotinic acid in its 
daily Jfood intake is not settled. It has been suggested that the rat is able 
to synthesize its own supply,*®® but it seems more plausible to assume that 
if rats do not need to have nicotinic add in their food, they have micro- 
organisms living in their intestinal tract which synthesize this vitamin 
and from which the rats obtain the necessary amount. 
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1. Nomenckturt and Survey 

Names: 

Pantothenic acid* (the name is derived from the Greek meaning "from everywhere”). 

Pantothen: Abbreviated term. 

Antidermatosis vitamin.* 

Chick antidermatitis factor.* 

Vitamin B,.* 

Filtrate factor (liver filtrate factor,* yeast filtrate factor*). 

Factor 2 (from liver),* 

Chick A-P factor (Chick Anti-pellagra factor) ^ The term "pellagra” is properly 
used only in describing human diseases (in compliance with the Committee on 
Vitamin Nomenclature). 

Vitamin Bt (G)* (abandoned, historical name). 

Probably also identical with: 

Vitamin B%: Vitamin Bi is a term given in 1928 to a heat-labile factor, necessary for 
"weight maintenance of pigeons."”* ** Recent findings point to the identity of this 
vitamin with pantothenic acid.** 


1 R. J. Williams, C. M. Lyman. 0. H. Goodyear. T. H. Truesdail and D. Holaday, /. Am. Ch$m 
So€., 55, 2912 (1933). 

s J. C. Bauemfeind, A. E. Schumacher, A. Z. Hodson. L. C. Norris and G. F. Heuser, Proc, Soc, 
Expa. Biol. Med., 39. 108 (1938). 

I O. Mickelsen, H. A. Waisman and C. A. Elvehjem, J. Biol. Chem., 124, 313 (1938). D. W. 
Woolley, H. A. Waisman, 0. Mickelsen and C. A. Elvehjem. Ihid., 125, 716 (1938). 

« A. Bakir*, V. Aschehoi^ and C. Zbinden, Compt. rend. 191, 1157 (1930). A. F. Morgan, B. B. 
Cook and H. G. Davison, j!" flfutrition. 15, 27 (1938). A. P. Morgan and H. D. Simms, thid., 19, 283 
(1940). G. Lunde and H. Kringstad, Arch. Norske Vid. Akad. Oslo, I. Math. Natunr. Rlasse, No. 1, 
1 (1938); Z. physiol. Chem. 257, 201 (1939); 261, 110 (1939); Natwwissenschaften, 27, 765 (1989); 
Angiw. Chem, 52, 521 (1939). G. Lunde, H. Kringstad and E, Jansen, Nalnrwissensche^len, 29, 62 
(1941). 

> T. H. Jukes and S. Lepkovsky. J, Biol. Chem., Ill, 119 (1935); 114, 109, 117 (1936). 

• C. E. Edgar and T. F. Macrae, Biochem. 31, 886, 893 (1937). 

V S. Lepkovsky, T. H. Jukes and M. E. Krause, J* Biol. Chem., 115, 657 (1936). 

• C. J. Koeha and C. A. Elvehjem, Ibid., IIS, 698 (1987). 

• a A. Elvehjem and C. J. Koehn. Noinre, 134, 1007 (1934); /. Biol. Chem., 108. 709 (t988)« 
These authors suggested that the chick pellagra preventative factor be calted vitamin Bt or G In di^. 
ferentiation from riboSavin. Since, however, this vitamin is now called vitamin Bs or G the utilisation 
of these letters to designate pantothenic acid has been abandoned. For a discussion of thU noamn- 
clature see also ref. 5 and C J. Koehn and C. A. Elvehjem, J. NntrUion, 11, 67 (1936). 

* R. R. Williams and R. E. Waterman, /. Biol. Chem., 78, 311 (1928). 

II C. W. Carter and J. R. O’Brien, Biochem. 30, 48 (1986). 

» C. W. Carter and J. R. O’Brien, Ibid., 33, 1810 (1939). 
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The spectacled eye rondition'^ preventive factor for rats: The '^spectacled eye condi- 
tion** has been described** as an erosion occurring around the eyes of rats, and im- . 
parting to the animals a spectacled appearance. The lids became denuded and ' 
scaly. In more severe cases the eyes are closed by a sticky exudate. Since concen- 
trates of pantothenic acid brought about a rapid cure of the spectacled eye condi- 
tion, it is supposed** that the two factors may be identical. (See, however, pages 
280 and 477.) 

Empirical formula: 

C,Hi,Oa4. 


Structural formula: 

CHt 

HOCHri:CHOHCO‘NHCHrCHrCOOH 

Chemical name: 

( 4- )-a.7-Dihydroxy-d.d-dimethyl-butyryl-i5'-alanide. 


1 g. of pantothenic acid * 70,000*75,000 Chick Units. 


2. Chronology 


1080 Norris and Rzngrosb** described a specific dermatosis of chicks. 

Williams and co-workers** found that a naturally occurring compound of un 
known chemical composition, called "pantothenic acid," stimulates the growth 
of yeast. 

1934*1935 Elvbhjbm and Kobhn** differentiated the chick antidermatitis factor from 
riboflavin and cured the chick syndrome with liver extract. 

1936 Lbfkovsky, Jukbs and Krausb showed the need of rats for a factor distinri 
from thiamin, riboflavin and vitamin B#.** 

1937 Fours, Lbpkovsky, Hblmbr and Jukes** and independently Dann** .slated f hai 
nicotinic acid does not cure or prevent chicken dermatitis. 

» J. Goldbcfger and R. D. UlUe, U. 5. Pmb. BeoUh Service Pmb. BeaUh Reets., 41, 10X5 (19X6). 

A. Bouruttln end H. C. Shcniiui, J. Am. Ckem, Soc., 66, 3501 (1081). H. B. Robinson and R. C. 

Newton, Abetracts. Division of Biotoskal Chemistry, Am. Chem. Soe., Kansas City. April 13*17 

(1936). 8. lbpkovsky, T. H. Jukes and M. B. Krause. /. Bkd. Chem., ItS, 657 (1986). 

«« J. J. OlesoB, H. R. Bird, C. A. Blvehjem and B. B. Hart, J. Biol. Ckem., 137, 23 (1939). 

u L. C. Norris and A. T. Ringrose, Science, 71, 643 (1930). A. T. Ringrose, L. C. Norris and G. F. 

Hctiser, Ponliry Set., 10, 166 (1981). 

u R. J. Williams. C. M. Lyman, O. H. Goodyear, T. H. Tmesdail and D. HoUday. J. Am. Ckem. 

Soc., SS, 8912 (1988). 

n C. A. Blveiijem and C. J. Kodia, Nelwe, 164, 1007 (1984); /. Biol. Ckem., 106, 700 (1935). 

» .S. I^koveky, T. H. Jukes and M. B. Krause. Biol. Ckem., US, 557 (1936). 

» P. J. Pouts. 8. lbpkovsky, O. M. Helmer And T. H. Jukes. Froc. Soc. Exptl. Biol. Med., 67, 405 

(1987). 

M w. J. Dean. Seieme, 86, 616 (1037). 
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1938 The chemical natore ot pantothenic acid was worked ont by R. J. WiLUAm 
and co-wmkers.*' 

1939 The identity of pantothenic acid and the chick antidermatitis factor was ncog- 
nized by Jukes'* and by WooLunr. Waismam and Elvbrjbm.** 

1940 Pantothenic add was totally synthesised by Siulbr, Harms, PiMKBunmit, 
KBRBazTBSY and Fouuwa** and independently by Rbichstbin and OROsaNBR,* 
and by KmiN and Wibland." 


3. Occumnee 

Paniotheuic acid occurs in all types of animal tissues and seems to be 
present universally in protoplasm, 'fhe liver and kidney are the richest 
known animal sources of pantothenic add, fdlowed by heart, spleen, 
brain, pancreas, tongue and lung;" the muscular tissue (of beef, lamb, 
pork and veal) contains considerably less. Pantothenic add is produced 
by various molds and microorganisms* and by green plants after they de- 
vdop their .photosynthetic apparatus. The storage organs in plants, for 
example rice bran, appear to be especially rich in pantothenic add." 
Molasses* contains considerably more than normal plant tissue, for ex- 
ample, alfalfa.** 

In animal tissue (and probably also in plant tissue) pantothenic add 
occurs free only to a very small extent, but is usually found chemically 
bound to protein material.** 


4. Isolation 

The isolation of pantothenic add consists, for example, when using liver 
as the starting material, of the following steps:** First the liver is allowed 
to autolyze in water. The water suspenrion is then heated i(nd filtered 
from coagulated, inactive material. In place of this stq) alcoholic liver 
extracts may also be used as starting material. By treatment with fuller’s 
earth mudi inactive, especially basic, material is removed from the water 


B a. J. Waii*aw. B. H. Wdartoek, B. Rohmwaa, J. H. TnteMiall, H. K. MitchcU and C. E. M(y«, 
J. Am. Oum. Soe., «, 464 <1QS9). 
tt T. H. JukM, nu.. 41, B78 (1989). 

» D. W. Wooltcy, a. A. Waiunu and C. A. Blvahian. IM., 61, 977 (1939). 

» B. T. StiBar, S. A. Hatria, J. Vinfeditain, J. C. Blaraaxtaay aad K. Fdikata, UU., 42, 1786 (1940). 
M T. RekhiteiB and A. OrftMoer, Hdv. Ckim. 660 (1940). 

n R. Kuhn and T. Wialand. 76. 971. 1134 (1940). 

» H. A. Waianan. O. Ifkkdsen and C. A. Slvebjem. J. N^trUion^ 19. 347 (1939). 

* C. H. McBuracy, W. B. Bollen aad R. J. WU^ms. iVoc. SaU, Acad. Sci. V. S., 21. 301 (19a36). 

» R. J. WilUamt and R. Momt. J, Am. Cham, Soc., 96, 169 (1934). 

« T. H. Jukes. J. ma. Cham., 114, 11 (1987). 

R. Kuhn and O. Wendt, Bar., 71, 780 (1938). 

•> R. J. WiiliaaBS. J. H. Truesdail. H. H. Weiustock. R. Robrtnann. C. M. Lyawn aad C. H. Me* 
Buraar, J, Am. Cham. Soa., 60, 3719 (1938). 
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solution. Pantothenic acid is then adsorbed on Norite at a pH of approxi- 
mately 3.6 and immediately afterwards eluted** with ammonium hydroxide 
solution. A second adsorption on Norite may be carried out** followed by 
elution with a mixture of p 5 nridine and methanol. 

' After neutralization with oxalic acid, the brucine salt of pantothenic acid 
is prepared and is extracted with chloroform. The crude brucine salts are 
fractionated by various distributions between chloroform and water. These 
salts are converted into the corresponding calcium salts by treating in solu- 
tion with an excess of lime water and freeing from brucine by filtration 
and repeated extraction with chloroform. Purification of the calcium 
pantothenate consists in the precipitation of the active principle with 
alcohol, removal of some impurities by precipitation with mercuric chlo- 
ride, fractional precipitation of the calcium salt with isopropyl ether and 
fractional precipitation from pyridine solution with acetone. 

By application of these methods, about 3 g. of crude, approximately 
40% pure material were obtained from 250 kg. of liver.*** *^ A modifica- 
tion** of this procedure is to precipitate impurities from the concentrated 
eluates of the charcoal adsorption with barium hydroxide until a pH of 
about 8 is reached and to dissolve the precipitated barium salt of panto- 
thenic add in absolute alcohol. After filtration, the barium salt of the vita- 
min is obtained by concentrating the filtrate and by adding acetone, thus 
predpitating the acetone-insoluble barium salts. The free adds are ob- 
tained from the barium salts by means of sulfuric add and can be extracted 
with ether or amyl alcohol. Thus a concentrate containing approximately 
20-25% pantothenic add is obtained. 

A somewhat different method consists** in freeing a liver (for example, 
tuna fish liver) extract from the fat-soluble material and predpitating 
some impurities with mercuric acetate. The active material is then ad- 
sorbed on charcoal and duted with a p 3 rridine-methanol-water mixture. 
Impurities are removed from the duate by predpitation with phospho- 
tungstic add and uradl-d-riboside (uridine) is removed from the concen- 
trated filtrate by crystallization from methanol. The pantothenic add is 
then predpitated from the methanol solution with barium hydroxide. 
Further purification can be achieved by repeated predpitation (of impuri- 
ties) with phosphotungstic add. The active compound is then adsorbed 
on aluminum oxide, which has been activated with hydrochloric add. 

» H. K. MitchfU. u. U. Wetmitock. K. K. Snell. S. R. Stanbery and R. J. Williams. 7. Am. Cksm. 

62, 1776 (1940). 

M Y, Sttbbaroiraiid G. H. Hitcbings. Ibid., 61, 1615 (1939). 

» K. Kiiha and T. Wteland. Ber., 73, 962 (1940). 
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5. Properties 

Pantothenic add is predominantiy of add character but tiiows also s<»ne 
basic properties.**' ” The vitamin is readily soluble in water, ethyl* 
acetate, dioxane, glacial acetic add, etc., somewhat soluble in ether and 
amyl-alcohol** and practically insoluble in benzene, ddcffoform, etc.** The 
compound is highly hydrophilic and can be adsorbed on charcoal** but not 
on fuller’s earth.**' ** The acetyl-derivatiiw can be distilled at approxi- 
mately 10~* mm. Hg.** The vitamin is sensitive toward adds, bases and 
beat. 

Pantothenic add in pure form is a pale yellow viscous oil. The vitamin 
is dextrorotatory showing [alo -|-37.5°. It forms a microcrystalline cal- 
cium salt, Io]d +24.3®.** 


6 . Chemical Constitution 


Pantothenic add has a molecular wdght of 219 (values obtained experi- 
mentally are approximately 200 **' **), and has the empirical formula 
C 4 I 17 O 1 N.** The presence of a carboxyl group in the molecule of this 
vitamin was proved** by esterification with both diazomethane and 
methanol and recovery of the free add by careful saponification. Thus two 
of the five oxygens of the suggested empirical formula are accounted for. 
Two other oxygens are present in the form of free hydroxyl groups.** Hie 
presence and number of hydroxyl groups are suggested by the hydrophilic 
nature of pantothenic add and of its methyl-ester. The ester is even more 
soluble in water than in ether. Pantothenic add is esterified by various 
adds and add halides and thereby loses the vitamin activity, which can be 
recovered by careful saponification. A determination of the active hydro- 
gen atoms suggested the presence of two hydroxyl groups. Further evi- 
dence for the existence of at least two hy^oxyl groups is based upon the ob- 
servation that pantothenic add condenses reversibly \dth acetaldehyde. 


•• R. J. Williams and D. H, Saunders, Biocfum. J., 28| X887 (1934). O. W. Richards, J, BM. 
Chem., 113, 531 (1936). 

” R. J. Williams, J. H. Truesdail, H. H. Weinstock, E. Rohrmann, C, M. Lyman and C. H. Mc- 
Bumey, J. Am, Chem. Soe., 50, 2719 (1933). 

D. W. Woolley, H. A. Watsman, O. Mickelson and C. A. Elvefajem, J. BM, Cksm., 125, 715 
(1938). 

•• S. Lepkovsky, T. H. Jukes and M. E. Krause, JWd., 115, 557 (1936). 

« B. T. Stiller. S. A. Harris, J. Finkelstein, J. C. Keresztesy and K. Folkers, J, Am, Chem, Soc., 


62, 1785 (1940). 

R, J. Williabis, C. M. Lyman, G. H, Goodyear, T. H. Truesdail and D. Holaday, Ibid,, 55, 2912 
(1933). 

♦» R. J. Williams, H. H. Weinstock, E. Rohrmann, J. H. Truesdail, H. K. Mitchell and C. B. Meyer, 
Ibid,, 61, 454 (1939). 

41 R, J, Williams and R. Mostf , J, Am, Chem, Soe„ 66 , 169 (1934). 
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acetone and benzaldehyde. This type of reaction suggests the presrace of 
an a,d*t a,Y-or a,S-glyool. The behavior of pantothraiic add in an dectrical 
fidd" indicated the ionizaticm constant to be i^tpnndniatdy 3.9 X 10~*. 
This cortesponds in strength approximately to that of a jS- or y-hydroxy- 
carboxylic add. The absence of a hydroxyl group in o-position to the 
carboxyl group is also suggested by the failure of pantothenic add to pro- 
duce a color reaction mth ferric cUoride. 

The chemical nature of the fifth oxygen atom and of the nitn^;en present 
in pantothenic add becomes apparent from hydrolysis experiments. 
Pantothenic add is inactivated by adds and by dlcali. Prom the alkali 
hydrolysis material, /8-alanine hu been isolated" and identified as /3- 
naphthalene-sulfo-/3-alanine." The other part of the molecule is an 
aliphatic dil^droxy-add whidi has not been isolated as such. In add 
solution, espedally upon heating, a lactone" is readily formed, indicating 
that a hydroxyl group may be in y- or in 5-position to the carboxyl group. 
The former position is indicated by the previously discussed condensation 
reaction with acetone and other ketones or aldehydes since the condensation 
would cause the formation of seven-membered rings in case the second 
hydroxyl group was in 5-position. 

Pantothenic add has then the following structural formula: 


CHt 


HOCHf— <!:— CHOH— CO— NH— CHi— CHr-COOH 


The amino-group of the /8-alanine is bound to the carboxyl group of the 
dihydroxy-add, forming an add-amide group. Thus, the nitrogen has 
been accounted for and it has been shown that there are no amino-, imino- 
or tertiary amino-groups in the molecule. The other hydroxyl group is in 
a-podtion to the carbonyl group, since the add but not the lactone from 
the non-jS-alanine portion gives" a podtive ferric chloride test" and since 
carbon monoxide has been obtained" by sulfuric add decompodtion of the 
dihydrc«y-add. The a,/8-podtions of the two hydroxyl groups are ex- 
duded by the failure" of pantothenic add to react with lead tetra-acetate 
and with periodic add. The lactone has bear obtained by ether extraction 

•• O. w. Woailey, H. A. Waiimaa and C. A. Elvehjem, J. Am. Chtm. Sot., 61. 927 (1930). 

«• H. H. Wciiutaek, H. K. Mitchell, E. F. Pntt ead R. J. WilUaau, /Md., 61. 1631 (1939). 

« D. W. Waallejr, H. A. Waiiaua aad C. A. Elvehjca^ J. BbA. Chtm., 129, 673 (1939). 

« H. K. Mitchell, H. B. WeiaetwA, E. B. Saell, & R. Staaheqr aad R. J. WlUiaau. /. Am. Chem. 
Sot., 63, 1776 (19M). 

« M. A. Batf, DaB. M(. <Mm., (8) 11, 893 (1S04). 
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of acid Iqrdrolyzates as a pure crystaUine material*’ " and proved to be 
ck-hydroxy-d>d‘di>iietliyl> 7 -butyrolactone.* 


CHi 

CHrJ:— CH. 


i 


:hOH- 


-co 


Direct titration*^ of this compound showed the absence of a free carboxyl 
group, but on heating with alkali one mol of alkali was consumed, proving 
the presence of a lactone ting. The lactone contains one active hydrogen 
atom and one hydro^l group since a mono*acetate was obtained upon 
acetylation. Oxidation'^ of the lactone with cold alkaline barium hy- 
droxide yidded acetone, whidi indicates the presence of a dimethyl group. 
This was furthermore shown by a Kuhn-Roth determination of CH* ride 
diains. Upon reaction with phenyl-magnerium-bromide the lactone 3rields 
4 diphenyl-carbinol (II) which upon treatment with lead-tetra-acetate 
forms benzophenone (III). Methyl-magnesium-iodide, when reacted with 
the lactone, forms a dihydroxy-dimethyl-carbinol (IV), which upon oxida- 
tion with lead tetra-acetate forms the aldehyde (V). The latter on oxida- 
tion with alkaline silver hydroxide yidds a,a-(hmethyl-/9-hydroxy-pro- 
pionic add (VI), thus proving the structure of the complete carbon ricde- 
ton. By comparing. the lactone with synthesized material it was shown to 
be the laevorotatory form.** 


CHi 

CHr-i— CH, 

tHOH— 

(I) 


CHiOH 

CHi 


CO 


CtH< 
bnOH-c/ ■ 




CH> 


CHiOH 

CHr-4L-CH, ^ 
^ — c/ 

Ah 

(IV) 




CJI. 

\h, 


V 

(n) 

(III 


CHiOH 

CHiOH 


-♦ CHi-A— CH, 

1 

CHr-A— CH, 

1 


CEO 

(boon 


(V) 

(VI) 


The a, 7 -dihydroxy-dtd-duuethyl-butyric add is dextnxotatory. 


• D. W. Seimet, 91, S4S (1940). 

» R. J. WIBiani urf K. T. M«iar, IM., 91. 340 (1940). 

•• B. T. Stmw, J. C. XmMtaqr and J. RakUttUa, /. Am. Cktm. Sac., •>. 1T79 (194«. 
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7. SynOiesis 


At a time when the structure of pantothenic acid was unknown, a hemi- 
synthesis was achieved**- ** by condensation of S3mthetic d-alanine-ethyl- 
ester with the dihydroxy-carboxylic add isolated from the hydrolysis prod- 
ucts of pantothenic add. The dihydroxy-add was acetylated and con- 
verted into the add chloride for utilization in the condensation. After 
careful saponification of the condensation product pantothenic add was 
obtained. / 

y 

Since the utilization of an acetylated acid chloride is somewhat difficult 
and gives low yields, another method has been worked out. This consists 
in the condensation of an ester of /S-alanine with the lactone of the di- 
hydroxy-acid.*^' Yields up to 50% are obtained by using this pro- 
cedure. 

An improved method, both simple and effective> is the direct condensa- 
tten** of 0-alanine (IV) with the lactone (III). This method has the ad- 
vantage of avoiding the use of esters of 0-alanine which polymerize on 
standing^^ and, furthermore, of 3 rielding pantothenic acid or its calcium 
salt directly, thus avoiding the saponification procedure after condensa- 
tion. Approximately a theoretical yield can be obtained. This type of 
condensation has also been carried out with the dry sodium salt of 0- 
alanine®^’ and yields directly the sodium salt of pantothenic acid. 

The soditun salt can also be obtained®® from the ethyl-ester of pantothenic 
acid by hydrolysis with barium hydroxide followed by reacting the ob- 
tained barium salt with sodium sulfate. Pantothenic acid has also been 
synthesized®® by condensation of the lactone (III) with 0-alanine-benzyl- 
ester (VI) followed by catalytic hydrogenation of the pantothenic acid 
benzyl-ester (VII) to the free pantothenic acid (V). The synthetically 
obtained racemic pantothenic add can be resolved into its components 
by crystallization of its quinine,®®* ®^ quinine methohydroxide®® or cin- 


n D. W. Woolley, H. A. Waisman and C. A. Elvehiem, 7. Am. Chem. Soc., 61, 077 <1939). 
u D. W. Woolley. H. A. Waiamas and C. A. Elvehjem. 7. Biol. Chem., 129, 673 (1939). 

M R. J. WilKams. H. K. Mitchell. H. H. Weiastock and E. B. Snell. 7. Am. Chem. Soc., 62, 1784 
(1940). 

u T. Reichtteifi and A. OrOssner, Belt. Chim. Aela, 23, 050 (1940). 

H R. J. Williams. Science, 89, 486 (1939). 

w S. Abderhalden. and A. Podor. Z. physiol. Chem., 85, 118 (1913). 

M 8. H. Babcock and T. H. Jukes. 7. Am. Chem. Soe., 62, 1628 (1940). 

** M. G&tsi-Pichter. H. Reich and T. Reichstein. Helv. Chim. Acta, 24, 185 (1941). 

• R. Kuhn and T. Wkland. J3sr., 73, 971. 1134 (1940). 

A* Gr&ssner. M. OAtd-Fkhtcr and T. Rcichstetn, Sdv. Chim. Acta, 23, 1276 (1940). 

« B. T, Bkitlir mad F. F. Wiley, /. Am. Ckem. Sac., 68, 1887 (1941). 
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dionidine methohydroxide*^ salts. The (+)-oompound is identictd with 
the naturally occurring pantothenic add. 


CHi 

CHr-ij— CHOH 
H,(i ilo 


Y 

(III) 


+ H,NCH,CIW:OOCH,Cai, 


(VI) 


CH, 


CHr-i— CHO 

\ / NIS 


CHOH 
OH 


\/ ''NH CH, CHrf:OO CH, Cai» 

o 

(Vll) 


CH, 

CH,OH-i:CHOH • CO • NH • CH, • CH, • COOH 
CH, 

(V) 


The synthesis of the a-hydroxy-/8,/3-dimethyl-7-butyrolactone has been 
carried out as follows:**’ 04. es. ee isobutyro-aldehyde (I) is condensed®^ 
with formaldehyde to give a,a-dimethyl-/?-hydr9xy-propionaldehyde (II) 
which upon condensation with hydrocyanic acid, or, better, by condensa- 
tion with potassium cyanide in the presence of calcium chloride** or by 
reaction of the bisulfite compound of the aldehyde (III) with potassium 
cyanide, yields racemic tt-hydroxy-/8,/S-dimethyl-7-butyrolactone (III). 

M E. Glaser, Monatsh,, 25, 46 (1904). 

M M. Kohn and V. Neustftdter, Ibid., 59, 293 (1918). 

** B. T. Stiller, S. A. Harris, J. Finkelstein, J. C. Keresetesy aod X. Polken, /. Am, Chtm, Soc,, 
62, 1785 (1940). 

M T. Reichstein and A. GrUssner, Help. Chim. Asia, 25, 650 (1940). 

« L. Wessely/ifoaotrA., 21, 231 (1900). 

« H. B. Carter and L. F. Ney, /. Am. Ck§M. Soc., 65, 312 (1941). 
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CH. 

<!:H— CHO + CH»0 
(I) 

CH, 


C— CHOH— COOH 


CH, 

CH,OH— i—CHO + HCN 

(II) 

CH| 

► CHr-C— CH, 


CHOH CO 


(III) 

+ NH, CH, CH, COOH | 

(IV) 

CH, 

CHfOH— CHOH— CO— NH— CHr-CHr-COOH 

(!:h. 

(V) 

Pantothenic acid 


The natural dextrorotatory pantothenic add yields upon hydrolysis the 
(+)a>7-dihydroxy-j3,j8-dimethyl-butjrric add. The lactone corresponding 
to this (+)dihydroxy-acid is the (— ) form. 

The racemic, synthetically obtained a-hydroxy-j8,j3-dimethyl-7-butyro- 
lactone can be resolved by conversion into the quinine, •• quinine metho- 
hydroxide, quinidtne methohydroxide or dnchonine methohydroxide® salt. 
Thus, the pure (—) a, 7-dihydroxy- j3,/3-dimethyl-butyro-lactone can be ob- 
tained. The isomeric (■+•) lactone can be racemized by heating the sodiiun 
salt. 

/3-Alanine can be prepared from /3-halogenated propionic acids and 
ammonia,^** or from succinimide by means of hypobromide and potassium 
hydroxide.’' Commercially, /S-alanine is produced by adding ammonia 
to the double bond of acrylic esters’*- followed by saponification of the ester 
with barium hydroxide. An excellent alternative method is the catalytic 
hydrogenation of ethyl -cyano-acetate.’* 

8. Industrial Methods of Preparation 

Pantothenic acid is commercially available in the iorm of its crystalline, 
synthetic calcium or sodium salt, prepared according to the previously 

•• R. r. Major and J. Finkebtetn. J. Am. Chem. 63, 1363 (1941). 

» W. Heintz, Antt.. 156, 36 <1S76). H. Mulder. Brr.. 6, 1003 (1H76) 

S. HooftewerS and W. A. van Dorp. Her. trar, ckim . 10, 4 (IHOl). H T. Clarke and I., D. Rehr. 
tk-x- Syntheses. 16, 1 (1036). 

V. Wander. Gass, rkfw //d/.. 19, 4:iS (ISSO). K Morach. A/ona/s/r . 63, 220 (1037). 

K, WeyKand, iSrr., 74, 236 ( 104 1 ). 
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described nuthods. Pantothenic add concentrates, fm exani|det from rice 
brans, from whidi most of the other vitamins of the B>complex are re> 
moved by treatment mth fuller’s earth, are also marketed. Extracts from 
certain strains of yeast and bacteria are being prepared vrhidi contain 
most members of the vitamin B>complex induding pantothenic add. The 
residues of liver preparations which have been wmrked up for the anti- 
pornidous anemia factor contain considerable amounts of pantothenic add 
and are used commerdally for the extraction of this vitamin. 


9. Biogeimsis 


The biogenesis of pantothenic add is not known, but it is reasonable to 
assume that those organisms which are able to synthesize this vitamin 
accomplish this by condensation of d-alanine with the dihydroxy-dimethyl- 
butyric add or its lactone. The biogenesis of this add has not been dud- 
dated. d'Alanine may arise from a number of different reactions. Thus, 
it has been shown that j3*alanine (II) is obtained by various bacteria upon 
decarbox 3 dation of aspartic add Certain bacteria are able to h 3 rdro- 
lyze camosine (III) to d-danine.” 



NH— CH COOH 




Carnostne 


10. Specificity 

Natural pantothenic add appears to be a single substance” of consider- 
able spedfidty. Even the optical isomer, the (— ) pantothenic add, is 

N b. AekotBum. Z. tkysial. Cktm.. S4, 1 (1«07); 60, 483 (1900); Z. BM.. S6, ST (1908). A. I- 
Wrtuoi uid T. UiM, Smtmtn KtmistiMui, 810, 8 (1037); BtaymOotit, S, 368 (1037); Kalvt, 143, 
874 (1088). 

n ;. B. Mualtar, JT. BM. Cktm., 133, 431 (1938). 

« «. K. Mit^«ll, B. B. BaM ud B. }. WaSdmi, /. A«r. Cktm. SK., 63, 1701 (1040). 
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inactive in bacterial” and rat assays.**- ” Both the carboxyl group and the 
hydroxjd groups are necessary for the physiological action. The acetate,” 
benzoate and diphosphate” of the acid are inactive.” The salts of panto- 
thenic acid and certain esters, such as the ethyl-ester, are active.** /5- 
Alaoine alone may act as a growth stimulant for yeast,** certain strains of 
diphtheria bacillus**- ** and to a certain extent for rats,**- ** but not for 
chicks. It has been shown that organisms which depend upon an external 
supply of jS-alanine alone convert this compound into pantothenic add.** - ** 
Other microorganisms, for example, lactic add bacteria,** are unable to 
utilize only /S-alanine. Some hemolytic bacteria have been found** which 
require only an external supply of the dihydroxy-dimethyl-butyric add 
part of the pantothenic add, but not the d-alanine part. 

Chondroitin-sulfuric acid has some growth-promoting action on rats,"- *" t>ut its ef- 
fect, even in large doses, is slight compared with that of pantothenic acid. 

' 'A number of compounds, similar in structure to pantothenic acid, have 
been prepared. Of these, the most interesting one is “hydroxy-pantothenie 
add” (I) prepared** from /3-^*u*ii*e and a-hydroxy-d-methyl-jS-hydroxy- 
methyl-butyrolactone. This compound possesses striking biological activ- , 
ity which varies, according to the organism used for testing and the assay 
conditions, between 1 .5% and 25% of pantothenic add. 

CHjOH 

CHjOH— C— CHOH— CO— NH— CHi— CHr-COOH 
CH, 

(I) 

Hydroxy-pantothenic add 

^ B. T. Stiller, S. A. Harris, J. Finkelstein, J. C. Keresztesy and K. Folkers, J. Am, Chem. Soc., 62, 
1785 (1940). 

n R. Kuhn and T. Wieland, Ber„ 73, 971, 1134 (1940). 

D. W. Woolley, H. A. Waisman, O. Mickelsen and C. A. Blvehjem, J. Biol. Chem.» 125, 715 
(1938). 

•o'D. W. Woolley. Ibid., 134, 461 (1940). 

» H. H. Weinstock, H. K. Mitchell, E. P. Pratt and R. J. Williams. /. Am, Chem. Soc., 61, 1421 
(1939). 

M J. H. Mueller, Proc. Soe, ExpU. BM. Med., 36, 700 (1937). J. H. Mueller and A. W. KIoU, 
J. Am. Chem. Soc„ 60, 3086 (1938). 

M W. C. Evans, W. R. C. Handley and F. C. Happold, Brit. J. Exptl. Path., 20, 396 (1939). 

*4 M. Koffer and T. Rdchstein, Nature, 144, 72 (1939). 

M M. M. Bl-Sadr, H. G. Hind, T. F. Macrae. C. K. Work, B. Lythgoe and A. R. ?odd. Ibid., l44, 
73 (1939). 

«• E. B. Snell, F. M. SUong and W. H. Peterson, J. Am, Chem. Soc., 60, 2825 (1938); Biochem. J., 
31s 1789 (1937). 

D. W. Woolley, J, Biol. Chem., 130, 417 (1939). 

» H. B. Robinson, R. B. Gray. F. F. Chesley and L. A. Crandall, J. Nutrition, 17, 227 (1939). 

« H. K. Mitciudl. B. B. Sndl and R. J. Williaxna. J. Am. Chem. Soc., 62, 1791 (1940). 
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The Other compounds tested possess definite, but «naU activity (lesa than 
a fraction of 1% of the activity of pure pantothenic acid). These com- 
pounds have been inepared by condensation of /j- alanine vHth the foUoarhig 
adds or lactones: 


OH 

Cair-CH— C-0 


J 


a-Hydroxy- 7 -yalero]act<»ie*** 

OH 

CHr-CHr-i— 0=0 


(tH.| 


«-Hydroxy-a-methyl- 7 -butyrolactoae** 

OH 

CHr-CHr-CHr-^H— 0=0 


CH. OH 

CHr-^H— ^H— 0-0 

I O J 

a-Hydroxy-/3-methyl<-7-butyrolactoiie**’ 
OH OH 

CHt-cIh— <!5H--0-0 

a,/9-Dihydroxy-7*butyrolactone*^ 

OH 

CHr-CHr-<^— 0=0 


a-Hydroxy-a-valerolactone**> ” tt-Hydroxy-ty-butyrolactone*^ 

OH 

CHrf)H— CHr-CHr-CHr-<!iH— COOH 
<(,*-Dihv<iroxy-capr<nc acid** 

The high structural specificity of pantothemc add is also evident from 
the failure to obtain active compounds by repladng the /9-alanine part of 
the molecule with other amino-adds. Thus the analogous compounds 
obtained from a-alanine, froin the methyl hmnolog d-amino-butyric add, 
from carboxy-d-alanine (aspartic add)** and from i-leudn^ proved to be 
inactive. 


11. Determination 

There axe no specific physical or chemical tests knovrn for pantothenic 
add. The following biological tests have been proposed and have been 
used for the determination of various samples of crude prq>arations: 

» H. K. MitdMU. H. B. Wdaitaek. B. B. SntU, 8. K. Stubor and B. J. Wimuaa, J, Am. Oum. 
5te..«2,m6 (1940). 

•> T. KctehrteiB and A. Ordataar, Hala. CMm. AOt, 2S, 890 (IMO). 

M Y. Stibbanw and L. Kaae, /. dta. CkciB. 5 k.. 81 . 1818 (1889). 

N H. a. Wabutock, B. L. Mar. A. Arnold and D. J. MoLVitm.. 185. 848 (184C0. 

M a. Kuhn and T. WMaad. Bar.. 78, 988 (1940). 
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L Chick test according to Jukes and Lepkovsky •« ' In this test, 
the growth of chicks and the prevention or cure of the specific chick derma- 
titis is xneasured. 

2. Rat test,*’^» The increase in weight over a five-week period 
is measured. 

3. Bacteria tests. This is a growth test for Proteus morganii,^®®* *®' 
lactic acid organisms^®®* ^®*» ^®®* ®®® and hemolytic streptococci.*®® The 
potency of unknown material is judged by quantitative estimation of the 
turbidity caused by the growth of the bacteria and by titration of the acid 
produced during growth. 

4. Yeast test.*®’ According to this test, the increase in growth of 
yeast following the administration of pantothenic acid is determined. Us- 
ing this method, five parts in ten billion parts of culture medium (0.0005 y 
per ml.) can be determined quantitatively.*®® 

12. Standards 

No International Unit of pantothenic acid has been established so far. 
The sodium salt of pantothenic acid has been recommended as standard.*®® 

1 g. pantothenic acid * 71,000 Chick Units. 

*■ 50,000,000 Streptobacterium Units. 

Yeast Unit. One Yeast Unit*®® of pantothenic acid is that amount 
which when tested by the yeast growth method*®’* *®® is equivalent to one g. 
of a standard dry rice bran extract. This extract is prepared from rice 
bran with 60% methanol. 

Ratio Yeast Unit to Chick Unit ■« 

T. Jukes and S. Lcpkoveky. J. Biol, Chtm., Ill, 119 (1086); 114, 109, 117 (1986). 

M T. H. Juke*, /6fd., 117, 11 (1937). 

n C. B. Bdgar, M. M. Bl*Sadr and T. F. Macrae, Biockgm. J„ 32, 2200 (1088). 

•• C. B. Bdgar and T. F. Macrae. Ibid., 31, 886, 898 (1087). 

M G. H. Hitckings and Y. Subbarow, J. NufrUion, 18, 266 (1939). 

M M. J. Pdczar and J. R. Porter, Proc. ExpU. BkA. M$d., 43, 161 (1940). 

tti M. J. Pelcsar and J. R. Porter, J. Btof. CAtm., 139, 111 (1941). 

B. B. Snell, D. Pennington and R. J. Williams, Pros., Am. Soc. Biol. Chtm., J. BM. Cktm., 133, 
XCll (1940). 

»* B. B. Snell, P. M. Strong and W. H. Peterson. Bhektm. J., 31, 1789 (1987); /. Baet., 38, 298 
(1989). 

IN D. Pennington, E. B. Snell and R. J. WUliams, /. Biol. Chtm., 135, 218 (1940). 

M B. B. Snell and L. D. Wright, Proc. Am. Soc. Bkl. Chtm., 1941, CXXX. 

Y. Subbarow and h* Rane, J. Am. Chtm. Soc., 61, 1616 (1930). 

m R. J. Williams and D. H. Saunders, Biochtm. J., 28, 1887 (1934). R. J. WUliams, B. D. McAUster 
and R. R. Roehm, J. BM. Chtm., 83, 816 (1029). 

M R. J. Williams, J. H. Tniesdail, H. H. Weinstock, B. Rohrmann, C. M. Lyman and C. H. Mo- 
Burney, /. Am. Chtm. Soc., 60, 2719 (1988). 

aw M. G6tii-Picbter, H. Reich and T. Reichstdn, Bdo. CHm. Acta, 24, 186 (1941). 

aw L. W. MeBlroy and M. Com, /. BM. Chtm., 130, 487 (1989). 

i» R. Kuka tad T. WMmuI, ». 971, ltS4 119«0). 

u* T. H. Jakw, J, Am. 91, 975 (1999). 
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m 

Chick Unit One Chick Unit^* of pantothenic add is defined as onC' 
tenth of the amount which will just provide for iwftvimftt growth wten ied 
daify to a chick three wedcs old in conjugati<Mi with a diet ftee of tiin 
vitamin. 

1 Chick Unit > 14 y pantothenic add.*** 

Sbm. Unit (Streptobacterinm Unit). One Sbm. Unit of pantothenic 
add has been defined as that amount of the add whidi under standardized 
conditions must be present in one oc. of a culture medium in order to adiieve 
maximum cdl growth of Sinttcbaderium 

13. Physiology of Plants and Microorganisms 

Plants and microorganisms may be dassified with respect to pantothenic 
add into those which ssmthesize this vitamin and those which need an 
external supply.*** The latter group may be subdassified into those vdndi 
need the entire pantothenic add molecule, for example, lactic add-*** and 
propionic arid-*** bacteria, streptococd and pneumococci,*** those which 
ne^ only the d-alanine part and those which need only the aliphatic di- 
hydroxy-carboxylic add part (for examples see page 264). 

The fact that pantcdhenic add plays a role in the growth of {dants and 
microorganisms is undeniable, but the extent of that role is undetermined. 
At the present time only a stimulating action of pantothenic add has been 
proved, for example, for pea embryos.*** The actual necessity of this 
compound for {dant life, especially green plant life, has not been con- 
vindngly demonstrated. *“ 

(keen plants ^theaze pantothenic acid after tfa^ devdpp thdr photo- 
synthetic apparatus. Yeast synthesizes small amounts, but only in the 
absence of an external supply,***’*** that is, yeast is a parasitoid. On the 
other hand, yeast tynthteizes pantothenic add odliNtom from administered 
d-alanine.*** 

»• T. B. JvkCi, J. Bkt. Clum., 117, 11 (1987). 

u< R. Knhn sad T. WMand. lUd., 73, 0C2 (1940). 

» B. J. Knnik^t, B. E. Snca ud B. MeC«r, Buiymtlotit, 7, 897 (1989). 

w E. B. SBdI. F. M. Stronc and W. H. Fctcnon, /. Am. Chtm. Soe., 40, 2898 (1988); J. Bod., 38, 
398 (1989). 

»• B. J. Xnmfkupt, B. B. SmU.aad B. McCoy, BnaymelatU. 7, 827 (1989). 

» L. and Y. Subtatwr, /. Blot. Ck*m., 134, 443 (1940). 

X. AaCsBao, Ptot. i7ad. dead. Set. V. S., 93, 438 (1987). 

>» R. J. WitSaoMaad B.Rdunaaa. PM FOyaW., 10, 389 (1983). 

w B. B. WeiaatoA B. K. Jditdnit, B. F. Piatt aad R. J. WilUaaa, /. Am. data. Sac., 41, 1421 
(1988). 

R. J. enHaaa, W. A. Idoahar aad B. Rabnaaao. Bio f h tm , 30, 8084 (188Q. 
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14. Aninuil Riysiology 

Very little is known about the physiology of pantothenic add and its 
metabolism in man and animals. Since pantothenic add is a vitamin, it 
must be conduded that it is adsorbed from the intestinal tract, but it is 
not known if it is adsorbed as such or after partial or total hydrolysis into 
the two chemically different parts. It may be assumed that in the intes- 
tines pantothenic add is freed from the protein material to whidi it is 
bound in animal tissues although some evidence exists that the bound 
vitamin is considerably less well utilized than the free vitamin. Blood 
contains a constant amount of this vitamin and the liver and kidneys are 
apparently able to store this compound to a certain extent. In tissues from 
chicks fed a pantothenic add-defident diet, the content of this vitamin was 
found deddedly lower than normal. In the spinal cord, brain, musde and 
blood the differences exceeded 50%, in the liver and kidneys 65%.*** 
The blood of men having s 3 rmptoms of defidendes of the vitamins Bt, Bs 
or nicotinic add showed also a decrease of 25-50% of the normal levd of 
pantothenic add.*** In man, the pantothenic add content in the serum is 
increased after injection, but returns to the normd levd within one day.*** 
Pantothenic add is partly destroyed in the organism and is constantly 
exaeted through the urine.*** 

In weanling rats kept on a diet defident in pantothenic add, the amount 
of liver fat is markedly less than in control animals kept on a non-defident 
diet Addition of pantothenic add increases the liver fat.*** The low 
levds of liver fat can, however, to a certain extent be related to low food 
intake during the vitamin defidency. 

15. Avitaminosis and Hypovitaminosis 

The symptoms of a pantothenic add defidency in man are largely un- 
known and the human need for this vitamin has not been demonstrated. 
However, since this compound is necessary for rats and chides, it seems 
reasonable to assume tlut it will prove of necessity to man. Indeed a 
lowering of the pantothenic add levd in blood has been observed in pd- 
lagra, beriberi and riboflavin defidency.*** 

>•> B. B. Sadi. D. Pemiiigtoa tad R. J> Wttlitmt, J. BM. Clum., IM. 659 (1940). 

U4 8. B. Sadi, D. Ptaatagtoa aad R. J. WillUau, Proe. Am. Soc. BM. Chtml, M, XCtI (1940). 

«• a R. staabenr. B. B. Sadi tad T. D. Stan, J. BM. Clum., US. 363 (1940). 

>» T. D* S. R. Stftiibery, R. J. Willisois, T. H. Jukes end S. H. Babcock, /• Am. Mtd, Assoc., 
llSs 523 (1040). 

»» D. Pcsoluftoa. B. E. Su^l and R. J. WilHams, /. Biol. Cksm., 13S. 213 (1040). 

u* R. W. Bargd, Ptoc. Am. Soc. BM. Chem., mi. XXXVII. 

8. R. SUbbOty, & B. Snell and T* D. Sylet, J. BM. Cktm., U$«358 (1040)« 
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Chides on a pantotheoic ackUdeficient diet sul^ from a ^wcific 
tosU. Incrustations occur about the eyes, the comas <d the motitih and 
the areas between the toes.*** The skin epithelium becomes 
and a dry doughing sets in. Feathering is retarded and the feathers pro- 
duced are rough. Beades the dermatitis, certain lesions occur in y pirnp ii 
ccad, characterized by degeneration of the myelinated fibers.*** CbjcV s 
suffering from the specific dermatitis often show tlymus invdutiion and 
fiver danu^ (fatty livers).*** 

Domestic fowls need pantothenic add for hatefaability and reproduc- 
tion,*** not, however, for egg production.*** The rate <rf botrliing 
has been shown to drop from 70% to 3% when the vitamin was removed 
from the hen’s diet. 

Pantothenic add defidency in young rats**** *** and mice*** causes re^ 
tardation of growth. A specific symmetrical dejfigmentation of the fur 
(nutritional achromotrichia) sets in in rats and mice**** ***• ***• ***■ *** which 
has also been observed in foxes, espedally silver foxes. As the result of 
this defidency the fur turns gray.*** In albino rats a rustiness of the fur 
devdops*** and blood-caked whiskers have been observed regularly.*** 

In rats on a pantothenic add-defidmt diet a marked adrenal hemorrhi^ 
atrophy and necrosis have been observed.**** ***• *** No such adrenal 
changes were found in mice.*** Hemorrhages under the ddn have also 
been observed in rats.*** 

Another symptom in rats which nught be cured by pantothenic add is 
the so-called “qpectaded eye condition.”**** **^ (See pages 280 and 477.) 

M L. C. Norri* uid A. T. Ringifse, Stunt*, 71, 643 (1930). A. T. Riagnwe, L. C. Motri* and Q. F. 
Htuaar, Poultry Sti., 10, 166 (1931). 

»> P. H. Pbniips and R. W. Bagtl, J. tfiitrilion, 18, 227 (1939). 

>n T. B. juket, J. BM. Ck*m., 129, 226 (1939). 

•u ;. C. Bauerntcind and L. C. KoriU, Stitnti, 89, 416 (1939). 

>u C. B. Edgar, M. M. Bl-Sadr and T. F. Macrae, Biotium. J., 32, 2200 (1938). 

>» G. H. Hitcbinga and Y. Subliarew, J. Nutrition, 18, 265 (1639). 

>>• H. P. Monia and S. W. Uppineott, Fret. Am. Sot. Biol. Ch*m., 1941, XCIII. 

>» P. OyOrgy, C. B. PoUng and Y. Subbaiow, J. Biol. Cktm., 132, 789 (1940). 

m p. Gydrgp and C. B. Polisg, Sci€nc§t 92, 203 <1940)* 

P. Gydrgy and C. B. Poliag, Proc, Soe. Biol* Mtd., 45, 778 (1940); K. UaiWa G. V* Rlcliardt 
and W. L. Bampaon. J. NalHlfoa, 22, 553 (1941), 
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>44 L. L. Aakbuni, IbU.* 55, 1887 (1940). 
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Abutraeta, DivIHoM of Biological Chaaditryi Am. Chum. Soc., R a ac a a City, April 18*17 (1986). & 
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It has also beea postulated that paatotheaic acki deficteicy causes an 
eurlier aging. 


(a) CShucal Test Methods 

In man and in animals, pantothenic add can be deternuned by bacterio- 
logical methods either in blood or in urine. For Vloed dOemmatiotui^^ 
frerit venous blood is dtrated to prevent dotting. The diluted material 
is then tested aoc(»ding to the bacteria tests as previous described. In 
normal human beings, the pantothenic add omtent of blood ranges from 
0.19 to 0.32 y per cc. and an aven^ d 0.225 y per cc. has been noted. 
In patients with vitamin B-comptex de£denqr a lowered value (d OBa to 
0.09 y per cc. has been observed. In ttrifiedefenmnariMir,** which are Dipt 
carried out according to the bacteria tests, it is advisable to run cheu 
determinations with samples in which the pantothenic add has been de- 
strc^ed diemically or to which a known amount of pantothenic add hu 
bear added. . ' 


16. Hypervitaminosis 

Pantothenic add is essentially non-toxic. At least 100 mg. nmy be in- 
|ected intravenously into man without producing any toxic reactions.”* 


17. Requirements 

Pantothenic add is probably required by all living matter. It has 
been shown to stimulate the growth of bacteria (lactic add bacteria,”* 
pneumococcus,”* propionic add bacteria,”* streptocood,*** diphtheria 
badllus,”* molds (aspergillusniger)), protozoa, fungi, seed plants (alfalfa”*), 
higher animals (mice, rats,”** fox, pigs, dogs,”* birds”** “*) and is 


w S. R. suaberr, B. B. Sndl and T. D. Spla, J. BU. Ck*m„ IM, S5S (1940). 
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»>L.RaBaaad y. Sttbbaioir. /. BM. CW, 134, 4SS (1940). 
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probably esseatial also for human beings. While sheqp*** and cat* 
tle“*’ “*• require pantothenic add, th^ do not need an aternal sup{dy 
since it is ^thesized by microorganisms in the rumen. 

The amounts required by the various organisms ate largely unknown. 
Yeast needs as grot^ stimulant 0.008 7 erf a purified pantothenic add per 
cc. of culture medium. In rats a single dose of 800 7 given to depleted 
animals produced a rapul and marked gain in wdght.** The optimal daify 
dose for rats is above 10 7 >** and about 100 7 are needed for the cure or 
prevention of achromotrichia**' and hemorrhagic adrenal necrosis.’"* 
For chicks about 500 7 per 100 g. of diet appear to be necessary to prevent 
the typical dermatitis and about 600 7 to insure optimal growth. 


»> L. W. McBIfor ud H. Oou, J. Biot. Cktm.. 130 , 437 (1030). 

» L. W. MeBInqr nd H. Oou, IbU., 133, LXV (1040). 

K* M.' I. Wegntft A. N. Booths C« A. Blvehjem and B. B. HArt» Proe. Soc* BxpU, Biol. Mid., 45» 
709 ( 1940 ). 

iM L. W. McBIroy and H. Goss, /. NidrUion, 2I» 405 (1941). 

M B. T. Stiller, 8. A. Harris, J. Finkelstein, J. C. Keiesstesy and K. Folkeri, J, Am. Ckm. 5oe., 
62. 1785 (1940). 

m A. GrOsmer, M. Gltai-Ficliter and T. Reiciisteitt. Btlf. Chim. Aeta, 31. 1276 (1940). 

M P. GyOrgy and C. B, Poling, SeUna, 92, 202 (1940). 

M F. S. Daft, W. H. Sebrell, S. H. Babcock and T. R. Jukes, Vo S. Pn5. BidUk Stnia Pub. BtM 
JtfPIs., 8S. 1838 (1940). 
w L. L. Ashbum. /W.. 85. 1337 (1940). 
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1. Nomenclature 


Namet: 

Iiuxdtol, or, more accumtdy, meao* or inactive inoi^toi (*>inositoL} 
Inosite. 

Cydohezanehexd. 

Bios I. 

Mouse antialopecia factor.* 

Rat aati-spectaded eye factor.* (See also pages 260 and 477). 


Chemical formnla: 


Empirical fonnula; 
COliA. 


CHOH 

HOHd^CHOH 
HOH(^ daiOH 
^OH 


2. Chronology 


1001 WiLDXBas* recognized that yeast needs for optimal growth a special material, 
“bios,” in addition to the known nutrients. This had previously been postulated 
by Libbxc in 1860. 

1024 Lccas* separated “bios” Into two components, bios I and II. 

1028 BAsrcorr* isdated bios I in the pure form and identified it with the long>kaown 
inactive inontol. 

1040 WooixBY* produced an alimentary deficiency, alopecia, in mice and identified 
the missing factor with inositol. 


3. Occurrence 

Inositol occurs as a normal cell constituent in practically all plant>and 
animal tissues. In plants, the highest amounts are found in the leaves. 


• D. W. Woett^, J. BM. Chm., XSa, 1X3 (1940). 

• P. L. PsvMk H. M. Baum, Stim*. 93. S02 (1941). 

• E. Wildim, U tOM, IS, 813 (1901). 

« G. H. W. LncM, /. PSn. Om.. IS. 1180 (1934). 

> B. V. Enteett, IHi., S3, 1094 (1938). 

• D. W. WooUiy, 93, 814 (1940). 
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The concentration varies according to the season and reaches its 
shortly before the time that the fruit ripens. Fruits, especially citrus 
fruit (lemon, orange, grapefruit), are good sources of inositol.^ Cereal 
grains are also rich sources. Yeast, molds and bacteria, at least certain 
species, contain large amounts of inositol.^ Inositol occurs in the animal 
organism both in the tissues and in the body fluids. Thus, inositol has 
been isolated from skeletal and heart muscle, lungs, kidneys, liver, brain, 
blood, milk, urine, eggs, etc. Inositol is also found in the eye lens and the 
optical nerve. 

Inositol occurs naturally in a number of different forms. In liver it 
exists in an alkali-labile combination with a large molecule, probably a 
protein, A combined form also exists in the heart muscle^®' " (for example, 
that of dogs) and perhaps other t3rpes of muscles. Cardiac muscles of 
sheep, pigs and oxen^* contain, if any, only very small amounts in the com\ 
bined form. Some inositol appears to occur in the free state. In plants, \ 
the majority is present in the form of the hexa-phosphate (phytic acid).' 
In the tubercle bacillus^® and the soybean, inositol is bound in the phos- 
phatide fraction as a glucoside.^^ 


4. Isolation 

Inositol is obtained, for example, from muscles, liver or leaves by hydroly- 
sis with aqueous potassium hydroxide or calcium hydroxide or with con- 
centrated hydrochloric acid,^® followed by precipitation of large amounts 
of by-products with normal lead acetate. The inositol is then precipitated 
with basic lead acetate and, after removal of the lead, is precipitated by 
baryta in alcoholic solution. The free inositol is obtained from the barium 
precipitate by means of carbon dioxide, and is recrystallized, for example, 
from a minimum amount of water to which alcohol and ether are added to 
complete the crystallization,^® Inositol may be prepared from phytin by 
hydrolysis with formic acid^^ or with calcium hydroxide. 
i-Inositol can be identified as the hexa-acetate, m. p. 210® C. 


7 B. XL. Nelson and G. L. Keenan, Science^ 77, 561 U933) . 

I F. K6gl and W. van Hasselt, Z. physiol, Chtm., 242, 43 (1636). 

* A. C. Krause and R. Weekers, Arch. Ophthalmol., 20, 299 (1938), 

» L, B. Winter, Bhchem, J., 28, 6 (1934). 

F. Rosent>erger. 2. physiol. Chem., 64, 341 (1910). ' 

»* L. B. Winter, Biochtm. /., 34, 249 (1940). 

M R. J. Anderson and B. G. Roberts. J. Biol. Ch$m., 89, 599, 611 (1930). 

R. J. Anderson, W. C. Lothrop and M. M. Creighton, IM., 128, 299 <1938), 

»• D, W. Woolley, IhiA., 139, 29 (1941). 

u Mnquenne, CompL r^nd,, 104, 225 (1886); Ann, ckim. phys., [6], 12, 89 (1887). A^ Cloetta, Ann,, 
99, 289 (1856). 

» K. Uttdenfeld, Biochm, 272, 284 (1934). 
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5. PropMties 

Inodtol has a sweet taste. The dHiydrate melts at 215-216'* C., while 
the anhydrous compound melts at 225-226° C. Inositol is soluble in water 
(one part in 5.7 parts of water at 24° C.), but is insoluble in absolute alco- 
hol and in eHier. It crystallizes from acetic add or hiom water above 
50° C. as the water-free compound, but bdow 50° C. as the dihydrate. 

6. Chemistry 

Inositol has the formula of a hexahydroxy-cyclohexane (I). Theo- 
retically, the latter can exist in nine different cis-trans isomers. 


CHOH 

HOHC'^CHOH 


HOHi 


Yh 

(I) 


OH 
HOH 



(H) 


Inositol is optically inactive and is often called meso-inositol. It has the 
configuration (II) and forms various esters, such as a hexa-acetate, a 
hexa-phosphate, etc. 


7. Industrial Methods of Preparation 

Inositol is not a commercially important product. However, due to 
the abundant occurrence of this compound in all sorts of natural materials 
it should not be difficult to find a cheap raw material which contains rela- 
tively high amounts. The recovery of inositol from the steep water of 
starch factories, for example, from com starch plants, is of potential com- 
merdal value.** Inoatol can also be prepared synthetically by hydrogena- 
tion of hexa-hydroxy-benzene.** 


8. Biogenesis 

The mechanism of the inositol formation in plants is not definitely known, 
but it is generally assumed that inositol is sjmthedzed by aldol't 3 rpe con- 
densations from carbon dimdde and water under the influence of light** or 

« B. Butow, W. W. Walkw aad F. A. Hogtaa, AM X* tamr. M<r*. Mm.. *, Ml (ISM). 

* H. Wiilrad aad a. S. WihMt, Btr.. «, SOU (UM). 

• a. astU. BkMm. Z., M, 818 CUM); 9f, St CU18). 
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from bexoses by ring-dosure." Inositol is apparently also syntbesked by 
tbe cbick embi^. After about tbe seventh day of incid>ati<m tbe inositd 
concentration starts to increase and eventoaUy becomes six tlmt 
present in tbe (niginal egg.^ 


9. Specificity 

Little is known about tbe specificity of inodtol. The (^tical isomers of 
t-inoatol are inactive. The compounds rqwrted to be active in mice are, 
besides inositol, tbe naturally occurring phosphoric add ester, tested as the 
caldum-magnesium salt phytin,** inositol hexa-acetate and soybean cepi 
lin.** M 3 rtilitol (methyl-inositol) is also active. Only inositol, and no 
its esters,.is active as a growth factor for 3 reast.** 

10. Determination 

Specific methods have not been worked out for the determination of 
inodtol espedally in natural materials. A chemical method based on an 
oxidation with potassium-iodo-mercurate*^ ** can be used for determination 
ci about 1-5 mg. but is not spedfic since many polyhydroxy compounds in- 
duding glycol, mannitol, etc., can be oxidized similarly. A biological 
method based on the abiUty of inodtd to cure or prevent alopecia in mice 
has occadonally been used.*^' **• ** The best method is undoubtedly the 
mierobiologjical method in which the growth of, for example, yeast is meas- 
ured as a function of the amount of inositol present. This procedure has, 
however, not been perfected. 

11. Physiology of nants and Microorgankuns 

A numba* of different strains of yeast have been investigated for the 
growth-promoting effect of inositol. Some require an external supply of 
inositol for optimum growth while others show no beneficial effect upon 
the addition of inositol to the culture medium.**'” Similarly, some fung. 

n 'F. Mietad, B. anidnvl aad V. Swafon. B«'., M, 1SS8 <1»SS). 

« B. B. Sndl aad B. Qaarfo, J. NuMUtm. it, 48S UMl). 

n D. W. WoeDtr, Stkmtt, M. SS4 (IHO). 

M D. W. Wao lky , J. BitfHItea, SI, ftiFpIcmcDt, 17 (IMl). 

• L. Voimf . Bioettm. J., 2S. 14S8. 1435 (1934). 

■ a. A. Gfccwr. /M.. SS, 9T«S <1935). 

n D. W. W«o««, J. Bfoi. qiMM.. IM, 113 <1940). 

• D. W. WoeOv. nU., 139, 39 (1941). 

» X>. W. WwAnr. /• KmMItu, si, Sit|vl«ant, 17 <1941). , 

• H. Slurtid, IVoMf. Kof. Sue, Cm., Ill, 36, 163 (1939). 

•> ;. B. iMh. L. A. VaSatfcDSw Md B. f. VdaMr, J. Am. Otm. Sue.. 66, 96W <193S). 
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reqidre inositol while others are apparently able to syntheaze this 
poiund,** 

In higher plants, for example, in the tobacco plant, the inositol oontant 
increases during growth until maturity is reached. Thneafter the inositol 
content decreases dowfy. Tobacco seeds contain little inositol** Some 
plants or mknxwganisms apparently ex<bete emsiderable amounts of inori- 
tol into the soU since this compoxmd has been isolated in i^fwedable quan- 
tities horn agriculttiral soils.** 

There is also the possit^ty that inositol is used, at least by some iq>ecies, 
not only as a growth stimulant but also as a b uilding uni t Thus in caou- 
tchouc a mono- and a dimethyl-ether of inositol have b«»e?? found, the 
physiological significance of which is not known. 

12. Animal Hiyaiology 

While little is known about the physiological action of inositol, a few 
pertinent observations have been made. Inositol occurs in animal tissues 
to a certain extent in the free form, but also as the phosphoric acid ester, for 
example, in the blood of diicken.** It is thus possible that inositol is phos- 
photylated in the organism. The possibility, however, cannot be excluded 
that the naturally occurrii^ pho^hate is directly absorbed. 

The medianism of the inositol action is not known. It has been shown 
that certain bacteria oxidize one of the hydroxyl groups of inositol to a keto 
group, but it is not known whether or not such an oxidation occurs in the 
animal organism. The physiological rignificance of this oxidation has not 
been elucidated. It has been claimed that inositol can be oxidized to com- 
pounds of unknown comporition in musde, liver, kidney and brain, but 
in other laboratories no sigtaificant effect upon the respiration of the brain 
tissue of the rat or the rabUt could be observed.** 

Inositol markedly increases the peristalsis of the stomadi and the small 
intestine.** It has been suggested that inositol is the nutritional factOT 
which determines gastrointestinal motility.** 

Inoritol aiq>ears to act as a lipotropic factor. In rats fed a synthetic 
diet siqrplemented with the vitamins Bt, Bi, B«, pantothenic add, choline 
and biotin, fatty livers containing large amounts of cholesterol are pro- 

H F. KOgl aad N. Friei, Z. tkyM. Oum,, 240. »S (IMT). 

M A. P. SofanioT. SM$ S. K. lutl. Tobaeto MaUtorlm Ind. iV. 5. S. Jt). 140, US (lOSO). 

H a. K. VelUda. Si>« SH., SO, 81 (1940). 

•• S. aivopWl, J. BM. Omm., ISS, 408 (1040). 

M B. C. GuIm m»d K. Dm, Cwrttt^ 5a*., 3, 137 (1334); Z, pkyM. Ckm., 331| 157 (1935). 
L. Yonac, fVoc. $o€. BatpAa BiO. Med,, ^ 507 (1936). 

^ O. J. Itetia, M. XU ThMBm aod J. de Camjal-Porcto. Am, J, IHtmtim IKt.» 390 (1941)* 
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duced The development of this special t)^ cd fatty liver is prevented by 
feeding inositol.*' 


13. Avitfuniaosis 

Inositol-deficiency symptoms have been noted, especially in young 
mice**' ** and in rats.*‘ These rodents require inositol for normal growth 
and maintenance of hair. White mice on an inosited-defident diet become 
completely hairless over the trunk and severe dermatitis follows. In rats, 
the denudation sets in around the eyes and results in tim so-called “spec- 
taded eye" syndrome.** Inositol dddency in rats causes also the develc 
ment of a spedal type of fatty liver containing large amounts of chole 
sterol.** 


14. Hyperritaminosis \ 

No ill efid:ts have been observed from an intake of inositol but the true 
toxidty threshold of inositol has not been determined. 


The optimum requirements of inositol are largely unknown. Defidency 
symptoms have been cured in white mice by feeding 10 mg. of inositol per 
100 g. of food*® and in rats by feeding a daily dose of 20 mg.*‘ The require- 
ments of other animals are not known. The human requirements have also 
not been established. 

• 0. Gavin and E. W. McHenry, J. BM. Chm., in, 485 (1941). 

• D. W. Woolley, Ibid., 135, 113 (1940). Scknti, 92, 384 (1940). 

^ G« J. Mftrtitt and S. Ansbacher, Froc. Soc, ExpA, Bkl, Mti., 4S, 118 (1941). 

F. L. Pavcdc and H. M. Baum, Am. Chen, Soc,, $L Louis Meciini, Aprili 1941| Div. Biol. Cham. 
Abitr., p. 2. 

P. L. Favcek and H. M. Baum, Scime, 93, 502 (1941). (See, however, pagei 269 and 477.) 

«• 0. Oavtn and E. W. McHenry, J, Bud. Chcrn,, 139, 485 (1941). 
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PARA-AMINO-BENZOIC ACID 

1. Nomenclature and Survey 

Names: 

p-Amino-benzoic acid. 

Vitamin 

B,-Factor.' 

Chromotrichia factor,* 

Anti-gray*hair-factor. 

Anticanitic vitamin.** 

Trichochromogenic factor.*** 

Growth factor “P** for bacteria.* 

Chemical fonnula: 

NH, 


iOOH 

Empirical formula: 

C,HtO,N. 

2. Chronology 

1940 Woods and Fildes^ observed in in vitro experiments an anti-sulfanilamide action 
of p-amino-benzoic acid Woods* found that yeast extracts contain a factor 
which counteracts the sulfanilamide activity and suggested that this factor is 
identical with p-amino-benzoic acid. Sblbib* was able to inhibit by means 
of p-amino-benzoic acid the action of sulfanilamide in mice infected with Strep- 
tococcus haemolyiicus. Rubbo and Gillbspib^ isolated p-amino-benzoic acid 
from yeast. Fildbs* concluded that p-amino-benzoic acid is an essential metabo- 
lite for bacteria. 

1 B. Sure, Proc. Am. Soc. Biol. Chem., 1941, CXXX; Science, 94, 167 (1941). 

C Lunde and H. Kringstad, Norsk Pelsdyrblod, 13, 500 (1039). 

> S. Ansbacher, Science, 93, 164 (1941). 

L. L. Lachat, Science, 93, 452 (1941). V. H. Kugel, A m. J. Med. Set., 202, 629 (1941). 

15 A. L. Bacharach, Pood, 10, 219 (1941). 

• H. N. Green, Brit. J. Exptl. Path., 21, 38 (1940) 

4 D. D. Woods and P. Pildes, J. Soc. Chem. Ind., 59, 133 (1940) 

» D. D. Woods, BrU. J. Exptl. Path., 21, 74 (1940). 

• F. R. Selbie, Ibid., 21, 90 (1940). 

7 S. D. Rubbo and J. M. Gillespie, Nature, 146, 838 (1940). 

I P. Pildes, Lancet, 238, 955 (1940). 
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1941 Ansbachbr* found that p-amino- benzoic acid is a vitamin, namely, a chromo> 
trichia factor for the rat and a growth-promoting factor for the chick. Sieve'® 
demonstrated that nutritional achromotrichia in man is favorably influenced by 
^-amino-benzoic acid. 

3. Occurrencey Isolation and Properties 

/>»Amino-benzoic acid is apparently widely distributed^®^ over the entire 
plant and animal kingdom but no quantitative data are available, p- 
Amino-benzoic acid is a natural constituent of yeast and has been isolated 
therefrom as the benzoyl derivative. p-Amino-benzoic acid occurs both 
in a free and combined form.^^® i 

p-Amino-benzoic acid is a colorless substance which melts at 186-1 87\® C. 

4. Determination 1 

\ 

A number of chemical and biological methods have been used or sug- 
gested for the detection of /)-amino-benzoic acid. None of these, however, 
has been sufficiently investigated to determine its degree of specificity. 

(a) Chemical Method 

p-Amino-benzoic acid in glacial acetic acid yields upon addition of 
;^dimethyl-amino-benzaldehyde in glacial acetic acid a deep yellow color, 
which can be measured coloriraetrically.^* It has been stated that this 
method is quite specific and only the o- and w-isomers and their derivatives, 
and aniline and its derivatives, give this test. The other vitamins, ali- 
phatic amino-acids and their aromatic derivatives do not respond to this 
reagent. 

{b) Biological Methods^ 

Biological methods for the determination of />-amino-benzoic acid have 
not been worked out very well. Principally, either the cure or prevention 
of achromotrichia in rats'^ or the growth of chickens^® can be used 
as a criterion for biological determinations. A more simple method would 
be a microbiological test which makes use of the inhibitory action of 
p-amino-benzoic acid toward the bactericidal effect of sulfonamides. It 
would seem possible also to develop an assay procedure employing a 

* S. Ansbacher, Science, 93, 164 (1941). 

»o B. F. Steve, Ibid., 94, 257 (1941). 

N. S. Dimond, Science, 94, 420 (1941). S. Wicdling, Science, 94, 889 (1941). 

1 S. D. Rubbo and J. M. Gillespie, Nature, 146, 838 (1940). 

K. C. Blanchard. /. Biol. Chem., 140, 919 (1941). 

s H. Tauber and S. Laufer, J. Am. Chem. Soc., 63, 1488 (1941). 

* S. Ansbacher, Science, 93, 164 (1941). 
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bacterium which needs />-amino-benzoic acid for growth such as Brucella 
abortus^* or Streptococcus haemolyticus.^^ Besides growth the production of 
acid could probably be used as a measure of the />-amino-benzoic acid pres- 
ent when organisms like Clostridium acetobutylicum^^ are used as test objects. 

S. Physiology 

Little is known about the physiological action of p-amino-benzoic acid. 
Excess amounts given either orally or parenterally are converted in the 
human and animal organism'^ into the acetate which is secreted through the 
urine. 

In the organism /^-amino-benzoic acid counteracts the action of hydro- 
quinone'® which, for example, in the cat^® and in mice“ causes a graying of 
the fur. The action of sulfanilamide,-'* for example, in mice infected 
with Streptococcus haemolyticus,^^ and the action of sulfapyridine in mice in- 
fected with Pneumococcus'^^ are also inhibited hy /)-amino-benzoic acid. 

In vitro, para-amino-benzoic acid modifies melanin formation*^*^ and its 
possible role in pigmentation processes was suggested.^^^ It has a ro- 
nounced influence on tyrosinase activity inhibits the oxidative destruc- 
tion of adrenaline^^ and appears to act by blocking enzymes.*^ Experi- 
mental evidence for Woods’ hypothesis^^^ that para-amino-benzoic acid and 
sulfonamides have a common point of attack on some enzyme system or 
^sterns is important.^'*®^ The sulfonamide inhibition as influenced by 
para-amino-benzoic acid was mathematically analyzed^^*' and found to be 
of the competitive type as was already experimentally demonstrated.^^* 


H. N. Green, Bril. J. Exptl. Path., 21, 38 (1940). 

» V. R. vSelbie, Ibid., 21, 90 (1940). 

*• S. D. Rubbo and J. M. Gillespie, Nature, 146, 838 (1940). 

A. Ellinger and M. Henzcl. Z. physiol. Chem.. 91, 37 (1914). B. Harrow, F. W. Power and C. P. 
Sherwin, Proc. Soc. Exptl. Biol. Med., 24, 422 (1920-27). K. Bernhard. Z. physiol. Chem., 267, 91 
(1940). 

« O. J. Martin and S, Ansbacher, J. Biol. Chem., 138, 441 (1941). 

» H. Oettel, Arch, exptl. Path. Pharmakol., 183, 319 (1936). 

» G. J. Martin, Proc. Am. Assoc. Advance Sci., Pharm. Section. January, 1941. 

** D. D. Woods and P. Fildcs, J. Soc. Chem. Ind., 59, 133 (1940). 

•* M. Landy and J. Wyeno, Proc. Soc. Exptl. Biol. Med., 46, 59 (1941). 

« F. R. Selbie, Brit. J. Exptl. Path., 21, 90 (1940). 

M M. McCarty, Proc. Soc. Exptl. Biol. Med., 46, 133 (1941). 

G. J. Martin, W. A. Wisansky and S. Ansbacher. Proc. Soc. Exptl Biol. Med., 47, 26 (1941). 

F. Lipmann, J. Biol. Chem., 139, 977 (1941). 

W. A. Wisansky. G. J. Martin ond S. Ansbacher, J. Am. Chem. Soc., 63, 1771 (1941). 
w. A, Wisansky. G. J. Martin, C. T. Tchiowski and S. Ansbacher, J. Am. Chem. Soc., 64, in 
press (1942). 

G. J. Martin, C. T. Tchiowski, W. A. Wisansky and S. Ansbacher. Am. J. Physiol., 127, in press 
(1942). 

Mi D. D. Woods. Brit. J. Exptl. Path., 21, 74 (1940). 

«« J. Kimmig, Klin. Wochschr., 20, 204 (1941). 

o. Wyss, Proc. Soc. Exptl. Biol. Med., 48, 122 (1941). 

W. A. Wisansky, G. J. Martin and S. Ansbacher. J. Am. Chem. Soc., 63, 1771 (1941). 



286 


PARA-AMINO-BBNZOIC ACID 


6. Avitaminosis 

A deficiency in the /’-amino-benzoic acid intake causes a graying of the 
fur in the black or piebald rat, a syndrome which is called nutritional 
achromotrichia.^ A retardation of growth has been observed in chicks 
on a p-amino-benzoic-acid“deficient diet.*® Nutritional achromotrichia in 
man has also been cured with />-aminO“benzoic acid.*® In the female albino 
rat also a disturbance in the lactation has been noted. *^ Amino-benzoic 
acid seems to have a therapeutic effect in certain types of asthma,®^* possi- 
bly because of its protecting or sparing action on adrenaline.*^^ 

! 

7. H]rpervitamino8is ^ 

p- Amino-benzoic acid is essentially non-toxic.*® 1 

8. Requirements \ 

The requirements of /)-amino-benzoic acid by various species have not 
been determined. In rats, 0.75 mg. of the acid per day cures nutritional or 
hydroquinone achromotrichia. In mice, 0.25 mg. daily prevents de- 
pigmentation of the fur.^ Chicks have been given** 30 mg. per 100 g. of 
ration, but the lowest optimum amount has not been established. In 
human therapy a dose of 100 mg. twice daily has been used successfully.®' 

p- Amino-benzoic acid is required as a growth factor by many bacteria** 
such as Clostridium acetobutylicum,^^ Brucella abortus^* and Streptococcus 
haemolyticuSi^ and the addition of this vitamin to all routine culture media 
has been recommended.*® 

M S. Ansbacher, Science, 93, 164 (1941). 

* B. F. Sieve, Ibid., 94, 257 (1941). 

” B. Sure, Proc. Am. Soc. Biol. Chem., 1941, CXXX; Science. 94, 167 (1941). 

G. J. Martin and S. Ansbacher, Proc. Soc. ExpU. Biol. Med., 48, 118 (1941). 

W. A. Wisansky, G. J. Martin, C. T. Tchiowski and S. Ansbacher, J. Am. Chem. Soc., 64, in press 
(1942). 

* E. Strauss. F. C. Lowell and M. Finland, J. Clin. Investigation, 20, 189 (1941). 

* S. Ansbacher, Science, 93, 164 (1941); S. Ansbacher and M. Landy, Proc. Soc. Exptl. Biol. Med., 
48, 3 (1941); R. Richardson and A. G. Hogan. Proc. Soc. Exptl. Biol. Med., 48, 459 (1941). 

* G. ]. Martin and S. Ansbacher, J. Biol. Chem., 138, 441 (1941). 

*** G. J. Martin and S. Ansbacher, Proc. Soc. Exptl. Biol. Med., 48, 118 (1941). 

B. F. Steve, Science, 94, 257 (1941). 

» P. Fildes, Lanut, 238, 955 (1940).* 

u S. D. Rubbo and J. M. Gillespie, Nature, 146, 838 (1940). J. O. Lampen and W. H. Peterson, 
/. Am. Chem. Soc., 63, 2283 (1941). 

« H. N. Green. Brit. J. Exptl. Path., 21, 38 (1940). 

» F. R. Selbie, Ibid., 21, 90 (1940). 

•• C. A. Janeway, J. Am. Med. Assoc., 116, 941 (1941). 
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VITAMIN C-ASCORBIC ACID 


1. Nomenclature and Survey 

Names: 

Vitamin C.* 

Ascorbic acid.* 

Cevitamic acid.* 

Historical names: 

Hexuronic acid.* 

Antiskorbutin (Holst 1912). 

Antiscorbutic vitamin. 

Scorbutamin.* 

Chemical names: 

{'Ascorbic acid. 

/-Threo-3-keto-hexuronic acid lactone. 

{-Xylo-ascorbic acid. 

3-Keto-{-gulo-furano-lactone. 

{,3'KetO'threo>hexuronic acid lactone. 

{-ThreO'2»3,4,5,6'pentoxy-hexen-2'CarboxyUc acid lactone* 

For the purpose of convenience, a system of nomenclature has been adopted for 
compounds related to ascorbic acid in which the term “ascorbic acid” is preceded by 
the name of the osone used or theoretically feasible in a synthesis by the osone-hydro- 
gen cyanide method (example: d'gluco-ascorbic acid). 

Empirical formula: 

C.HA. 

Structural formula: 

OH OH 

i-c 
I I 

CH 2 OH— CHOH— HC CO 

6 6 *\/^ 

0 

1 J. C. Drummond proposed in 1920 that the compound responsible for the prevention of scurvy be 
called "vitamin C/' Biockem. U, 600 (1920). 

* A. Szent-GyOrgyi and W. N. Haworth, 131, 23 (1933). 

« Name introduced by the Cquncil on Pharmacy and Chemistry of the American Medical Associa- 
tion. This organisation has now changed the name to "ascorbic acid.’* 

4 A. Ssent-GyOrgyi, Biochtm. J., 22, 1387 (1928). 

» R. L. Jones. Science, 68, 480 (1928). 
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Potency: 

1 g. « 20.000 I. U. 

Classification: 

Ascorbic acid belongs, according to its structure and properties, to the class of 
‘Veductones,’** originally called “glucide X" and later “redoxin*’ (R. Wurmser, 1927- 
1934). which are characterized by the constitution 

K—C-^C — C— R' 

I I li 

OH OH O 

The simplest representative of this class is the enol-tartronic-dialdehyde^* * / 

CH=C-~CHO 

Ah 

! 

All compounds of this class form reversible oxidation-reduction systems. 

2. Chronology 

Scurvy, the typical syndrome of a vitamin C deficiency, has been 
known for many centuries and occurred epidemically during times of war, 
crusades, voyages, famines, pestilences, etc. (described, for example, by 
Euricius Cordiis in 1534). Fresh vegetables have been known to provide 
a potent remedy for over three hundred years. 

1903-1913 Bollb.* Bartenstein*^ and later Holst and Frolich^^ observed that guinea 
pigs could acquire scurvy just as men could, and that the scurvy syndrome is a 
condition caused by an avitaminosis. 

1918-1925 ZiLVA attempted the concentration of the antiscorbutic substance from 
lemon, obtained almost pure ascorbic acid and established the important basic 
properties of the vitamin, such as the molecular composition and size, the resem- 
blance to hexoses. the instability toward oxygen, especially in alkaline solution, 
etc.*® 

1920-1925 Agopian*® described methods for the isolation of practically pure ascorbic 
acid from cabbage. 

1927 On the basis of the observation that vitamin C solutions immediately after mild 
oxidation retained their antiscorbutic properties. Zilva*^ concluded that the 

• H. V. Euler and B. Klussmann. Arkiv. Ketni, Mineral. Geol., Bll. No. 12. 6 pp. (1933). 

1 H. V. Euler and C. Martius, Svensk. Kern. Tid., 45, 73 (1933); Arkiv, Kemi, Mineral. Geol., Bll. 
No. 14, 4 pp. (1933) ; Ann., 505, 73 (1933). 

• T. Reichstein and R. Oppenauer, Helv. Chim. Acta, 16, 988 (1933). 

• Bolle. Z. dim. physik. Therap., 6, 354 (1903). 

10 L. Bartenstein, Jtihrb. Kinderheilk., 61, 6 (1905). 

n A. Holst, /. Hyg., 7, 619 (1907). A. Holst and T. FrOltch, Ibid., 7, 634 (1907). A. Holst and T. 
PrOlich. Z. Hyg., 72, 1 (1912). 

is A. Harden and S. S. Zilva. Biochem. J., 12, 259 (1918). S. S. Zitva, Ibid., 17, 416 (1923) ; 18, 186 
(1924); 19, 580 (1925). S. J. B. Connell and S. S. Zilva. Ibid., 18, 641 (1924). 

IS L. A. Agopian, F. P.. 595.537. 532.398. 26.034 and 27,271. 

M S. S. Zilva. Biochem. J., 21, 689 (1927). 
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antiscorbutic compound and the *'reducing factor** were closely related although 
not necessarily identical. 

1928 Szbnt*GyCrgyi^* isolated from adrenal glands, from oranges and from cabbage 
a strongly reducing compound, the **hexuronic acid.** 

1932 The identity of vitamin C with Szbnt-Gy6rgyi’s hexuronic acid and with Zilva*s 
" reducing factor*' was discovered by various groups of workers, namely, by 
SviRBBLY and Szbnt-Gy6royi,“ by Waugh and King,^^ and by Tillmans'* 
who deduced that vitamin C can be reversibly oxidized and reduced without 
loss of antiscorbutic efficacy. 

1933 The constitution of vitamin C was established by the combined work of Ha- 
worth, Hirst and co-workers'* and of Michbbl and Kraft.*® Rbichstbin*' 
and Haworth** announced the first successful synthesis of ascorbic acid. 

3. Occurrence 

Vitamin C is widely distributed over the animal and plant kingdoms. 
It is present in all living plant cells and augmented amounts are found in 
all actively growing parts of higher plants. Leaves and flowers, for ex- 
ample of gladiolus, nettle, hip (hull and shell) and paprika, are especially 
rich in vitamin C. Excellent sources are the citrus fruits, berries, green 
vegetables, apples, etc. (see page 324). 

Animal tissues contain small but definite amounts of ascorbic acid. 
Increased amounts are found in various glands, organs, etc., especially 
those of endocrine functions, for example, in liver, hypophysis, corpus 
lutetun, adrenal gland, thymus, etc. Human milk contains considerable 
amounts of ascorbic acid, blood contains small amounts (for details see 
pages 325 and 334). 

Ascorbic acid occurs in plants predominantly as such. In animal and 
probably also in plant tissues, ascorbic acid occurs apparently in an equi- 
librium with its oxidized form, the “dehydro-ascorbic acid.“ The per- 
centage present of the oxidized and the reduced forms varies considerably 
according to the tissue and various other physiological factors. In a 
rabbit, for example, the liver was found to contain 27% and muscles 

" A. Szent-Gydrgyi, Bioehem. 22, 1387 (1928). 

» J. L. Svirbely and A. Ssent-GyOrgyi, Nature, 129, 576 (1932); Bioehem, J., 26, 865 (1932). 

" W. A. Waugh and C. G. King, Science, 75. 357 (1932); 7. Bto/. Chem., 97, 325 (1932). 
u J. Tillmans and P. Hirsch, Bioehem, Z., 250, 312 (1932). 

R. W. Herbert, B. G. V. Percival. R. J. W. Reynolds, F. Smith and B. L. Hirst, J, Soe, Chem. lnd„ 
52, 221, 481 (1933); B. G. Cox and T. H. Goodwin, J. Chem. Soe., 1936, 769. 

» F. Micheel and K. Kraft. Z. physiol. Chem., 222, 235 (1933). 

T. Rmchstein, Nature, 132, 280 (1933). T. Reichstein, A. GrOssner and R. Oppenauer, Helv. 
Chim. Aeta, 16, 561, 1019 (1933). 

» R. G. Ault, D. K. Baird, H. C. Carrington, W. N. Haworth, R. W. Herbert, B. L. Hirst, B. G. V. 
Percival, F. Smith and M. Stacey. J. Chem. Soe., 1933, 1419. D. K. Baird, W. N. Haworth. R. W. 
Herbert, B. L. Hirst. F. Smith and M. SUcey, Ihid., 1934, 62. 
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50% of the oxidized form. Fresh blood and fresh milk*** “ contain 
no dehydro-ascorbic acid, but only the reduced form. 

Besides free ascorbic acid and dehydro-ascorbic acid, vitamin C occurs 
both in animal and in plant tissues in ‘‘combined form.'*“' “ The 

composition of this combined form, which is called “ascorbigen,** is un- 
known (see page 301). It has been shown*® that, for example, livers of 
fresh water fish contain from 0.5-20% of the total vitamin C content in 
the combined form, whereas muscle tissue of the same fish contains only 
0. 1-0.5%. Cow*s milk apparently does not contain any combined ascorbic 
acid, but this form has been found in human milk.*® (There is considj^r* 
able controversy as to whether or not the combined form actually exists, 
depending upon the technic used for the detection of the combined form.) 

• \ 

4. Isolation 

\ 

The isolation of vitamin C, which was achieved a number of years 
before the compound was recognized as a vitamin, is largely dependent 
upon a quick removal from its solutions. Vitamin C in solution is easily 
oxidized. This oxidation does not occur to the same extent as long as 
the vitamin is in its natural environment, which contains protective anti- 
oxidants (for details see page 327). All isolation procedures must, there- 
fore, be carried out in the absence of oxygen, in the absence of copper,*^ 
which catalyzes the oxidation, and in the absence of light,** especially 
when riboflavin,** or other fluorescent compounds are present in the raw 
materials. 

Practically, the isolation consists in first preparing a water extract of 
the starting material (for example, from hips) or pressing the juice out 
of water-containing materials (for example, of citrus fruits, plant leaves, 

M B. J. Reedman. Can. Pub. Health 29, 339 (1937). 

A. Ctmmioo, Quaderni nutria., 5, 239 (1933). 

1* C. A. Knight. R. A. Dutcher and N. B. Guerrant, Science, 89, 183 (1939). 

« B. Ahmad. Nature, 136, 797 (1935). E. W. McHenry and M. L. Graham. Ibid., 135, 871 (1936). 
B. J. Reedman and B. W. McHenry. Biochem. J., 32, 85 (1938). H. Scarborough and C. P. Stewart. 
Ibid., 31, 2232 (1937); Nature, 142, 40 (1938). 

» K. C. Saha. J. Indian Chem. Soc., 16, 511 (1939). B. C. Guha and P. N. Sen-Gupta. Nature, 
141, 974 (1938). J. C. Pal and B. C. Guha. J. Indian Chem. Soc., 16, 481 (1939). P. N. Sen-Gupta 
and B. C. Guha*. Ibid., 16, 496 (1939). B. Ghosh and B. C. Guha. Ibid., 16, 505 (1939). 

K. Wachholder and A. Okrent, Z. physiol. Chem., 264, 254 (1940). 

» K. C. Saha. 7. Indian Chem. Soc., 16, 611 (1939). 

** K. Wachholder and A. Okrent, Z. physiol. Chem., 264, 254 (1940). 

A. Fi^iU and T. Ebihara. Biochem. Z., 301, 229 (1939). 

A. F. Hess and L. J. Unger. Proc. Soc. Exptl. Biol. Med., 10, 119 (1921). 

M C. L. Arcus and S. S. Zilva. Biochem. J., 34, 61 (1940). 

B. Hand, B. S. Onthrie and P. F. Sharp, Seienee, 87, 489 (1938). F. G. Hppkias. J. Soc. Chem, 
InA, 86, 084 (1087). 
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etc.). From these aqueous solutions, impurities are precipitated with 
barium acetate or with neutral lead acetate and after filtration, and if 
necessary after the further addition of lead acetate, the vitamin is pre- 
cipitated as the lead salt by bringing the solution to a pH of about 7.6 
(indicator, for example, bromo-thymol-blue) with ammonia. The pre- 
cipitate is filtered or centrifuged and decomposed in water solution with 
sulfuric or hydrochloric acid by bringing the solution to a pH of about 2. 
The sulfates or chlorides precipitated thereby are filtered off and washed, 
and coloring matter may now be extracted, for example, with »-butyl- 
alcohol. The combined water solutions are concentrated under vacuum 
without heating or with only slight heating, since temperatures above 
60° C. decompose the vitamin. The concentrate is purified further by 
fractional precipitation with organic solvents, such as acetone, ether, 
methanol, ethanol, propanol, butanol, etc. The pure ascorbic acid is 
then obtained from the filtered solution by distillation of the solvent 
followed by crystallization of the residue. The vitamin may now be pre- 
cipitated with acetone or with petroleum ether."* " Final crystallization 
is carried out from methanol. 

A modification of this method consists in transforming the ascorbic acid 
into its acetone derivative (see page 295) and isolating this compound which 
is then decomposed by water to yield the pure vitamin 

By these methods, only the ascorbic acid which occurs in the free state 
is isolated. In order to achieve a better yield, the ascorbic acid present 
in the “combined form“ must first be liberated. This is achieved by 
gentle heating of a water suspension of the tissue material or of the pressed 
juice preferably under nitrogen, followed by a reduction by means of 
hydrogen sulfide of the dehydro-ascorbic acid originally present and 
formed during the operations." 

Ascorbigen alone may be isolated from plant material by extraction of 
the dry material with chloroform, anhydrous ether, etc., followed by 
water extraction. From juices, for example, from cabbage juice, ascor- 
bigen is isolated by adsorption on charcoal followed by elution with 
a mixture of 30% chloroform and 70% absolute alcohol. Further con- 
centration may be achieved by precipitation of impurities with tungstic 
acid." 


» W. A. Waugh, o. A. Bessey and C. G. King. JFVoc. 5oc. Exptl. Biol, Med,, 30. 1281 (1933). 

** J. L. Svirbely and A. Szent-Gydrgyi, Biochem, J,, 27, 279 (1933). 

** E. J. Baumann. J. Biol, Chem., 89 , 213 (1930). E. J. Baumann and N. Metzger, Proc. Soc. EspU, 
Biol. Med., 30, 1268 (1933). 

» B. Ghosh and B. C. Guhk. J. Indian Chem, Soe„ 16, 605 (1939). 
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5. Properties 

Vi tamin C CTystalUzes in white, odorless and colorless plates melting 
at 190-192° C. The vitamin has a somewhat add taste. Crystallo- 



Fig. 14. — ^Absorption spectrum of ascor- 
bic acid in water solution (with an equi- 
molecular amount of KCN). (H. Mohler 
and H. Lohr.) 

graphic and x-ray measurements of the crystallized substance show that 
the molecule is almost completely flat*’ 

*• B. G. Cox, Natwe, 130» 203 (1932). E. G. Cox aad T. H. Goodwin, J, Chem. Soe., 1936, 769. B. 
G. Cox and E. L. Hirst, JVo/urs, 131, 402 (1938). 
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Ascorbic acid is quite soluble in water (one gram dissolves in 3 cc. of 
water), less in alcohols (one gram in 50 cc. of absolute alcohol or in about 
100 cc. of glycerine) and is insoluble in benzene, ether, chloroform, fats, 
etc. Whereas vitamin C is quite stable in crystalline form, it is easily 
deteriorated in solution, especially in the presence of air, traces of metals 
such as copper and iron, and light, ^ especially in the presence of riboflavin.^^ 
The most characteristic property of vitamin C is its strong reducing action 
in solution and the ease of its oxidation which is catalyzed by some metals, 
especially by copper^* and by silver.^* The oxidation-reduction potential 
of ascorbic acid at pH 4 and at 35® C.: £©' = +0.166 F.*** " In solu- 
tion, vitamin C exhibits acidic properties, the dissociation constants being 
pKi = 4.17 and pKj = 11.57. Vitamin C has an optical activity of 
{alS = +23® in water or [otlS == +48® in methanol. Ascorbic acid has 
a typical ultraviolet absorption spectrum with a maximum at 265 
(log 6 = 3.98) and a small band between 350 and 400 m/i^^ (log e — 1) 

(Fig. 14) (see also under Determination of vitamin C: Physical methods, 
page 315). The infra-red spectrum of vitaniin C has also been investi- 
gated.^® 


6 . Constitution 


Ascorbic acid has the empirical formula CeHgOe. It is a monobasic 
add, giving well-defined salts of the type CgH 70 eM. Four of the six 
oxygen atoms belong to four hydroxyl groups as indicated by a deter- 
mination of active hydrogen atoms. Acetone condenses^ with ascorbic 
add (I) with the formation of a mono-isopropylidene derivative (II), 


OH OH 

CHi CH, 

Y 

HO 

1 I — 

0^0 

L 

CHiOH—CHOH— HC CO 

y I 1 

CHi-CH- 

-Hcl 

6 6 *\/^ 


\ 


(I) 


( 11 ) 


C. L. Arcut «tid S. S. Ztlva, Biochem, 34, 61 (1940). 

F. G. Hopkins, Conipt, rend. Irav. lab. Carlsberg, 22, 226 (1938). 

«> A. F. Hess and L. J. Unger. Proc. Soc. Exptl. Biol. Med., 19, 119 (1921). 

** F. Sdilemmer, B. Bleyer and H. Cahnmann, Biochem. Z.. 254, 187 (1932). 

«« B. G. Ball. J. Biol. Chem., 118, 219 (1937). 

« H. Borsook. H. W. Davenport. C. B. P. Jeffreys and R. C. Warner. Ibid., 117, 237 (1937). 
« F. P. Bowden and C. P. Snow. Nalure, 129, 720 (1932). 

» H. MoUer and H. Lobr, Belt. Chim. Acta, 21, 485 (1938). 

« B. Heinta, Compt. rend., 206, 1813 (1989). 

• L. V. Vargha, Nature, 130, 847 (1932). 
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which proves the presence of two vicinal hydroxyl groups. Ascorbic 
acid, as well as this derivative, shows strongly reducing properties. By 
the action of diazomethane on ascorbic acid two methyl groups are intro- 
duced stepwise. The first methoxy-group is formed almost immediately 
in the cold giving rise to a 3-mono-methyl-ether (III) which compound 
no longer has reducing properties. It is only slightly acidic, but gives a 
strong and permanent violet-blue color reaction with ferric chloride. The 
constitution of this compound as the 3-mono-methyl-ether and not the 
2-mono-methyl-ether is shown by the fact that cyclic 1,3-enols are acids, 
whereas cyclic 1,2-enols behave like phenols.®® At room temperature, two 
methoxyl-groups are introduced by diazomethane, namely, in 2- and 3- 
position of the ascorbic acid molecule (IV) indicating the enolic character of 
these two hydroxyl groups which, is also suspected from the color reaction 
with ferric chloride. The dimethyl-ether does not show any reducing 


OCH, 


CHaOHCHOH 


•Hi 


OH 

=c! 

CO 


OCHa 


CH 2 OHCHOHH 


OCH, 

I 

=c 

I 

CO 
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CH, CHi 


CH, CH, 
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COOH 
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OH 
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A 
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H— C— OH 
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i 

CO 
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H 2 C— CH- 

1 

-HC 

1 

CO 

1 

HO— (:— H 

(V) 



A" 

(VI) 


1 

CH,OH 

(VII) 


properties whatsoever. Also the isopropylidene derivative of vitamin C 
(II) reacts with diazomethane giving rise to a mono-methoxy-®* and a 
dimethoxy-isopropylidene derivative®® (V and VI) . The enolic character of 
the two hydroxyl groups requires the presence of a double bond, which can 
be demonstrated by color reaction with tetra-nitro-methane, by addition 


■* T. Reichttein ftsid R. Oppenauer, Htlv. Chim. Acta, 17, 890 (1984). 

P. Karrer, H. Salomon. K. Schdpp and R. Morf. Ihid., 16, 181 (1988). P. Karrer. H. Salomon, R. 
Morf and K. Schdpp, Biochcm. 2S8, 4 (1933). P. Xarrer. G. Schwaraentmch and K. Schdpp, Belv, 
Chim, Acta, 16, 802 (1938). 

T. Reichstem. A. Grdmner and R. Oppenauer, Hclv, Chim, Acta, 17, 510 (1934). 
w P. Karrer, H. Salomon, K. Schdpp and R. Morf, Ibii„ 16, 181 (1933). P. Karrer, H. Salomon, R. 
Morf and K, Schdpp. Biochcm, Z„ 258, 4 (1983). 
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of the one mol of iodine in acid solution or by catal 3 rtic hydrogenation** 
whereby among other reaction products /-idonic acid is obtained** (VII). 

Further information was obtained by the formation of keto-derivatives 
of ascorbic add. Thus phenyl-hydrazine and various substituted phenyl- 
hydrazines combine readily with vitamin C yielding products of ^e 
composition of osazones,** whereas the dimethyl-ether of ascorbic add 
does not react with keto-reagents. This proves the presence of at least 
one keto-group capable of undergoing enolization. In addition, the 
absorption spectrum with a single band at 245 m/t in add solution or at 
265 m/u in neutral solution suggests the presence of a system of conjugated 
double bonds. All these evidences lead to the condusion of the presence 
of a group — CHOH — CO — COOR which upon enolization yields a system 
of conjugated double bonds: 

C===;;.C--— C===0 

i)H OH OR 

An analogy to this type of structure is present in dihydroxy-maleic acid 
fVIII)“ the absorption spectrum of which is quite similar to that of 
ascorbic acid. It also shares with the latter compound the reducing 
properties, thus being oxidized to a product (IX) which may be reduced 
to the original compound by means of hydrogen sulfide. This reversible 


COOH 

COOH 

1 

1 

C--OH 

^ CO 

OH 

CO 

1 

1 

COOH 

COOH 

(VIII) 

(IX) 


oxidation is the most characteristic featme of ascorbic acid and various 
phases of this property will be discussed later. 

Triphenyl-methyl-chloride reacts with vitamin C thereby producing a 
mono-trityl-ether^^ which contains the two enolic hydroxyl groups in free 
state, which hydroxyl groups can be etherified with diazomethane.“ 
This and the fact that formaldehyde is produced®® by lead tetra-acetate 
oxidation of the dimethyl-ether of ascorbic acid proves that one of the 

M P. Micheel mnd K. Kraft. Z. pkysiol. Chem., 222. 235 (1933). 

w B. G. Cox. B. L. Hirst and R. J. W. Reynolds. Valars. 130, 888 (1932). 

M R. W. Herbert. B. L. Hirst. B. G. V. Perdvai. R. J. W. Reynolds and F. Smith. J, Chem. Soc.. 1933. 
1270. 

» L. V. Vargha. Naturt, 131. 363 (1933). 

H P. Kaner. G. Schwaraenbach and K. SchOpp. Belt, Chim. Acta, ld» 302 (1933). 

M F. Micheel and K. Kraft, Z. pkysiol, Cham., 222. 235 (1933). 
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hydroxyl groups is primary and that another hydroxyl group must be in 
a-position to that primary hydroxyl group. 

Further insight into the structure of vitamin C was obtained by a number 
of oxidation reactions. Oxidation of ascorbic add (I) with one oxygen 
atom, for example, by means of air,*** hydrogen peroxide, ferric chloride, 
quinones, copper acetate,** dichloro-phenol-indophenol in add solution, 
iodine in add or in neutral solution, and even by irradiation with ultra- 
violet light** yields dehydro-ascorbic add (X) which can be reconverted 
to ascorbic acid by reducing agents such as hydrogen sulfide and Iqr^o- 
iodic add. The dehydro-ascorbic add, at the moment of its formation, 
is not an add but a neutral compound, a lactone. The lactone ringj. in 
contrast to that of ascorbic add, readily hydrolyzes in water solution mth 
the formation of a free carboxylic add group (XI). This behavior shorn 
that ascorbic add is not a true add in the sense that the addic properties 
are caused by a carboxylic add group but that the addity is caused by an 
enolic hydroxyl group.** The open chain dehydro-ascorbic add cannot 
be reduced to ascorbic add by means of hydrogen sulfide alone. If, 
however, simultaneously with die H^S treatment a lactone formation is 
achieved, for example, by evaporation in the presence of hydriodic add, 
the vitamin is formed. The opening of the lactone ring is followed by 
complex reactions or rearrangements of the molecule, as indicated by 
changes of the absorption spectrum, optical rotation, etc.*** ** Further 
oxidation of ascorbic add with hydrogen peroxide yields oxalic add** 
(XII), which suggests that a keto-group is in a-position to the carboxyl 
group. Upon oxidation of the vitamin with sodium hypo-iodite in alkaline 
solution, oxalic add (XII) and i-threonic add (XIII) were obtained almost 
quantitatively.** The latter add was identified by methylation (XIV) 
followed by amidation as trimethyl-f-threonamide (XV) and by oxidation 
with nitric add as d-tartaric add (XVI) the constitution of which was 
proved by the formation of dimethoxy-d-sucdnamide (XVII). This 
sequence of oxidation reactions can only be explained when the constitu- 
tion of the first oxidation product, of dehydro-ascorbic add, is that of an 

• I. Antener. Hth. Chim. Ada. 20, 742 (1937). 

•> T. Komr, H. Salomoa, K. SchOpp uid R. Morf, IbU., 10, 181 (1938). P. Kaircr. H. Sslomon, R. 
Morf and K. ScbOpp, Bioelum. Z., 258, 4 (1933). F. Xiamr, O. Sehwanenbach and E. SchOpp, Mth. 
CMfli. Ada, 10, 802 (1983). 

•* C. L. Arcuc and S. S. Zilva, Biockem. J., 34, 61 (1940). 

•• B. L. Him, J. Soe. Ckem. /ad., 52, 221 (1933). 

« B. L. Him, B. G. V. Percival and P. Smith, Nature, 131, 617 (1933). B. L. Him, B. G. V. Per- 
dval. R. W. Herbert, R. J. W. Reynold* and P. Smith, J. Chtm. Soe., 1933, 1270. 

• H. Bonook, H. W. Davenport, C. B. P. Jeffrey* and R. C. Warner, J. BM. Ckem., 117, 1 (1937). 

<* P. Karrer, G. Sebararaenbaeh and K. SchOpp, Bth, Ckim. Ado, 16, 303 (1983). 

" B. L. Him, J. See. Ckem. /ad., 52, 231 (1933). 
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cx,/9-diketo-compound. The isolation of /-threonic add as a degradation 
product of ascorbic add shows that the latter substance is a derivative of 
/•gulose. This is quite remarkable since practically all naturally occurring 
hexoses belong to the d-series. 


OH OH 

CHiOH— CHOH— HC 1:0 
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(I) 

CO CO 

CHjOH— CHOH— i:HOH ioOH 
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CO— CO 

CH:OH— CHOH— HC (!:0 
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(X) 

COOH 

^ I + 

CHjOH-CHOH— CHOH 
(XIII) 


COOH 

i:OOH 

(XII) 


COOCH, 

I 

H— C— OCH, 

CH,0— H 

^HiOCHi 

(XIV) 


CONH, 

H— i:— OCH, 

CH,0— C— H 

^HiOCH, 

(XV) 


COOH 


H— C— OH 
HO— (!;— H 
diOOH 

(XVI) 


CONH, 

H— d:— OCH, 

CH,o— d;— H 

CONH, 

(XVII) 


Further degradation reactions were carried out after protecting the fotur 
hydroxyl groups. Thus the dimethyl-ether of ascorbic add was esterified 
with p-nitro-benzoyl-chloride yidding a di-^nitro-benzoate which upon 
oxidation of the double lx>nd gave rise to a neutral ester containing the 
same number of carbon atoms as the starting material.** This proves 
that the molecule contains a straight chain of »x carbon atoms and that 
the double bond is dtuated in a ring, or, more specifically, in a lactone 
ring. By saponification of the reaction product, oxalic add and f-threonic 
add are obtained which shows that the position of the double bond is 
between carbon atoms 2 and 3 since from the dx carbon atom-containing 
molecule a two- and a four-carbon atom-containing substance are obtained. 

The nature of the ring present in the vitamin C molecule was duddated 
by a degradation reaction** very dmilar to the one just described. Ascorbic 
add was methylated with diazomethane to the dimethyl-ether (IV), 
which was further methylated by means of methyl-iodide and silver oxide. 
The tetramethyl-ether (XVIII) obtained yidded upon ozonization a 

• F. Miehed uhI E. Knit, Z. pkytiol. Clum., 21$. 216 (1933). 

• B. L. Bint, B. O. V. Pudval and F. Smith, Nalur*, 131, 617 (1933). R. W. Herbert, B. L. Sret 
B. O. V. Ferdval, R. J. W. Rcyoolila Mid F. Smith, J. Ch$m. Sot.. 1933, 1270. 
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neutral ester (XIX). The latter upon treatment with ammonia 3 rielded 
oxamide (XX) and the amide of 3,4-dimethyW-threonic acid (XXI) the 
constitution of which was proved by the formation of sodium cyanate by 
the action of sodium hypochlorite on the amide (Weerman reaction^®). 
Thus only the hydroxyl group in a-position to the carboxyl group of the 
/-threonic acid is not etherified and the carboxyl of the original ascorbic 
acid must have been attached to this free hydroxyl group in lactone for- 
mation. Other evidences for the presence of a furane ring were mentioned 
previously: the formation of formaldehyde upon lead tetra-acetate oxi- 
dation of the dimethyl-ether of ascorbic acid’^ and the formation 
acid upon catalytic hydrogenation of ascorbic acid.^^ 
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Since ascorbic acid has the constitution of an unsaturated a-glycol or 
“enediol-” configuration the hydroxyl groups of which are enolic in char- 
acter, the existence of two different keto-forms (XXII and XXIII) appears 
theoretically possible. Practically only the enolized form (I) has been 
observed and the ultraviolet absorption spectrum does not contradict 
this observation. Nevertheless there seems to be a true equilibrium between 
the enediol-form (I) and the 3-keto-form (XXIII) which is quidcly reached 

R. A. Weemuiiui, Rm. trot, tkim., $7, 10 (1018). 
n F. MidMd uid K. Knft, Z. physiol. Chsm., 222. 235 (lOSS). 
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and which is almost completely on the side of the enediol-fonn. It has 
therefore been impossible to isolate the 3-keto-form. The 2-keto-form 
(XXII), on the other hand, is stable and can be isolated as such and does 
not seem to be in an equilibrium with the enediol or the 3-keto-form. 
Or, if there is a state of equilibrium, it is accomplished only extremely 
dowly or under drastic conditions.^* 



CHjOH— CHOH— HC C=0 

\/ 
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(XXII) 
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CHjOH— CHOH— ^>=0 
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\/ 

O 

(XXI 11) 
3-Keto-form 


The formula of ascorbic acid (I) shows the presence of two asymmetric 
carbon atoms, namely carbon atoms 4 and 5. Therefore, two pairs of 
optically active isomeric compounds are possible. Ascorbic acid belongs 
to the /-series, as has been previously deduced. The corresponding d-form 
and the other pair called d- and /-isoascorbic acid have been prepared 
synthetically. 

The chemical constitution of “ascorbigen,*' the naturally occurring 
combined form of ascorbic acid, is unknown."^®' 

7. Synthesis 

The synthesis of vitamin C has been achieved by four principally differ- 
ent methods, namely : 


T. Retchstein and A. Grttssner, Heh. Chim. Acta, 17, 311 (1934). 

B. Ott, K. Kr&mer and W. Faust. Z. physiol. Chem., 243, 199 (1930). 

B. Ahmad, Nature, 136, 797 (1935). E. W. McHenry and M. L. Graham, Ibid., 135, 871 (1935). 
G. J. Reedman and £. W. McHenry, Biochem. J., 32, 85 (1938). H. Scarborough and C. P. Stewart. 
Ibid., 31, 2232 (1937); Nature, 142, 40 (1938). 

R. C. Saha. J. Indian Chem. Soc., 16, 511 (1939). B. C. Cuba and P. N Sen -Gupta, Nature, 
141, 9, 974 (1938). J. C. Pal and B. C. Guha. J. Indian Chem. Soc . 16, 481 (1930) P. N Scn Oupta 
and B. C. Guha, Ihid., 16. 496 (1939). B. Ghosh and B. C. Guha. Ibid., 16, 505 (1939). 
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1. By Isomerization and Lactonization of 2-Keto-hexonic Acids. 

cc 
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By Isomerization and Lactonization of 3-Keto-hezonic Acid^. 
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3. By a Benzoin Type Condensation of Two Aldehydes of Ldwer 
Molecular Weight. 
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4. By Ester Condensation of o-Ozy-acids. 
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The various methods applicable for the synthesis of ascorbic acid 
according to the four outlined schemes will be shown in the following 
paragraphs. 

(a) Synthesis of Ascorbic Acid by Isomerization and Lactonization of 
2-Keio-hexonic Acids 

The synthesis of ascorbic acid according to this method^* is characterized 
by using a 2-keto-hexonic acid as intermediate, which may also be called 
S-keto-hexiHonic acid or hexusonic acid. Since such an acid contains one 
more asymmetrical carbon atom than ascorbic acid, namely, the carbon 
atom 3, there are two different 2-keto-hexonic acids which might be con- 
verted into ascorbic acid and which have in common the stereochemical 
configuration at carbon atoms 4 and 5. These two compounds are called 
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HO—C— H 
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CH 2 OH 



\ / 

CO , 

HO— C I 

II O 

HO— C 1 


HO— C— H 
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CH,OH 
Ascorbic acid 

/-xylo-2-keto-hexonic acid and /-lyxo-2-keto-hexonic acid according to 
the specific configuration of the pentoses to which the hexonic acids corre- 
spond. Each of these two 2-keto-hexonic acids may in turn be derived 
from three different hexoses, namely, two aldoses and one ketose. Thus, 
/-idose, /-gulose and /-sorbose may yield /-xylo-2-keto-hexonic acid which 
is also called 2-keto-/*gulonic acid, and /-talose, /-galactose and /-tagatose 
may yield /-lyxo-2-keto-hexonic acid. Of these six hexoses, only /-sorbose 
is readily accessible. Besides this aldose also /-gulose has been used for 
synthesizing vitamin C. 

/-Sorbose is obtained from d-sorbitol which occms in nature and can, 
for example, be isolated from the fruits of mountain ash {Sorbus aucuparia), 
This hexitol is also obtained by catalytic hydrogenation of d-glucose," a 
process which is carried out technically on a large scale. 

The d-sorbitol is converted into /-sorbose by bacterial oxidation accord- 
ing to Bertrand.’® A number of bacteria are able to accomplish this 
reaction. In practice, acetic acid bacteria, are used.’® 

77 W. Ipatiev, Btfr.. 45, 3225 (1912). W. E. Cake, /. Am. Chem. Soc., 44, 859 (1922). L. W. Floyd, 
R. Connor and H. Adkins, Ibid., 54, 1651 (1932). P. P. 694.424. I. G. Parbenindustrie, G. P.. 544,- 
666 . 

7» G. Bertrand, Bull. soc. ckim., f3]. 15, 627 (1896); Ann. chim., [81, 3, 183, 227 (1904). H. Schlu 
bach and J. Vorwerk, Ber., 66, 1251 (1933). 

7* P. A. Wells. L. B. Lockwood. J. J. Stubbs, N. Porges and B. A. Gastrock, Ind. Eng. Chem,^ 31, 1425 
(1939). 



SYNTHESIS 


305 
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/-Gulose, which can also be used as starting material for the synthesis 
of ascorbic acid, is obtained by oxidation of starch or of d-glucose to d- 
saccharic acid, the lactone of which is reduced to /-gulonic acid. The 
lactone of the latter compound yields /-gulose upon reduction.®® 

The oxidation of the hexoses to the 2-keto-hexonic acid, namely, 2-keto- 
/-gulonic acid, can be carried out by a number of different methods: 

(i) Via the Osone: /-Sorbose*^ or /-gulose®* is converted into the 
phenyl-hydrazone which in turn is reacted with benzaldehyde to yield the 
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•• P. P. T. Sah, Ber., 09, 158 (1936). 

P. Mtched And K. Kraft. NaturwisstnschafUn, 22, 205 (1934). F. Michael and W. Lohmann 
physiol. Chem., 22S, 13 (1934). 

” P. P. T. Sab. Ber.. 09, 158 (1936). 
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corresponding osone. This compound must be carefully purified in order 
to give finally an ascorbic acid which crystallizes well. By careful oxida- 
tion with bromine®* in aqueous solution, the osone is converted into the 
2-keto-/-gulonic acid. 

(£) Via the Diacetone-sorbose l-Sorbose is condensed with acetone 
in order to protect all groups with the exception of the primary hydroxyl 
group in 1-position. The main reaction product is sorbose-diacetone of 
the structure indicated below and as a by-product a mono-acetone-sorbose 
is obtained. The latter compound is easily separated from the diacetone 
derivative since only the di-isopropylidene compound is soluble in traical 
organic solvents, such as ether. The mono-acetone derivative c^ be 
converted into the diacetone compound by condensation with acetone. 
The diacetone-sorbose is oxidized by means of permanganate in alkidi to 
the 2: 3,4: 6-diacetone derivative of 2-keto-/-gulonic acid. The free teto- 
acid is obtained by warming the acetone compound in water. This last 
reaction can be carried out in a yield of 82%. As a by-product small 
amounts of ascorbic acid are formed. 
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Instead of acetone, other ketones or aldehydes, for example, methyl- 
ethyl-ketone, benzaldehyde, etc., and especially cyclic ketones, for example, 
cyclo-hexanone, may be used to protect the sortx)se. 

(3) By direct Oxidation: Sorbose can be oxidized directly to 2-keto- 


M C. Neuberg aqd T. XltMato, Bioehem. Z., IBS, 485 (1927). 

•« T. Retduttiii and A. Grfisaticr, Hglf. Ckim. Aeta, 17, 811 (1984). 
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gulonic acid since the 1-hydroxyl group is especially sensitive to oxidation. 
This oxidation may be carried out by means of nitric acid“ or by catalytic 
oxidation.^ 

The 2-keto-hexonic acids may also be obtained from the corresponding 
aldonic acids. Thus, /-gulonic acid can be selectively oxidized to 2-keto- 
/-gulonic by means of chromic acid^ or by chlorates in the presence of a 
vanadium catalyst.^ 

The last step of the synthesis of vitamin C is the conversion of the 
2-keto-gulonic acid into ascorbic acid by lactonization. This reaction 
does not occm voluntarily, probably because the keto-acid exists mainly 
in the form of the stable lactol: 

COOH 

I /OH 



HO—C—H 
H— C— OH O 

I 

HO— C— H 

CHj ' 

This lactonization, can, however, be accomplished by a number of different 
reaction conditions: 

1, From the free keto-acid by heating in neutral, acid or alkaline solu- 
tion.*® The best yields are obtained in acid solution.®® The double bond 
produced by enolization of the keto-group gives rise to a cis- and a trans- 
compound. Only the ar-forra is able to undergo lactonization, the trans- 
form is either reconverted into the keto-form or undergoes conversion 
into compounds different from vitamin C. 

2. From esters of the keto-acid by the action of sodium alkoxides,** 
sodium bicarbonate,®^ sodium acetate, ®® calcium carbonate,®* etc. The 
reaction is said to occur also in add solution.®* The esters of the keto- 
acid are obtained by esterification of the free acid, for example, with 
alcohols and mineral adds or with diazo-alkanes. 

« W. N. Haworth, Nature, 134, 724 <1934). B. P. 443,901. 

•• O. Dalmer and K. Heyns, U. S. P., 2,189,778. 

” R. Pasternack and P. P. Regna, U. S. P.. 2,153,311. 

• R. Pasternack and P. P Regna, U. S. P.. 2,188,777. 

•• Swiss P.. 187.933, 187.934. 180.810 and 188,804. 

T. Reichttein and A. GrOssner, Helv. Chim, Acta, 17, 311 (1934). 

*» Swiss P.. 174.208. 

■* Swiss P., 187.932. 

** Swiss P., 180.810. 

Swiss P.. 188.800, 188.802 and 188.803. 
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3. From the diacetone-keto-acid by heating in the presence of (^uted 
mineral adds.®® ’ 

(b) Synthesis of Ascorbic Acid by Isomerization and Lactonization\of 
3-Keto-hexonic Adds Obtained by the Osone-Hydrogen Cyanide Method^,* 

The synthesis of ascorbic acid according to this method involves the 
utilization of a 3-keto-hexonic add, which also may be called 4-keto- 
hexuronic acid. This acid can practically only be obtained by building 
up the molecule from a compound of five carbon atoms. This is achieved 
by the addition of hydrogen cyanide to the osone (IV). Since specific 
stereochemical configurations are required for the carbon atoms 4 and 5 
of ascorbic acid, there is only one pentosone (IV) with the same con- 
figuration. Theoretically, this pentosone can be obtained from three 
pentoses, namely, two aldoses, Myicose and /-xylose, and one ketose. 
The latter one is still unknown. 

Actually, the osone (IV) has been prepared from both aldoses, /-lyxose 
and /-xylose. /-Xylose occurs in natme as part of hemicellulose and can 
be obtained from soft wood materials, for example, from corncobs, elder- 
pith, beeches, sawdust, shells of coconuts, etc., by acid hydrolysis. It can 
also be prepared from rice starch or from glucose by oxidation to iZ-sac- 
charic acid, reduction to /-gulonic acid lactone and degradation of the 
latter compound to /-xylose. Perhaps the easiest method is to convert 
d-sorbitol, which is technically prepared from d-glucose, into di-ethylidene- 
sorbitol®® by means of paraldehyde or into mono-benzal-sorbitoP°® by 

M G. P., 641,639 recommends the use of hydrochloric acid, whereas Swed. P., 88»004 prefers the use 
of sulfuric, acid. 

N T. Reichstein, Nofure, 132, 280 (1033). T. Reichstein, A. GrOssner and R. Oppenauer, Hslv. Chitn. 
Acta, 16. 561, 1019 (1933). 

** T. Reichstein, A. Grfissner and R. Oppenauer, Helv, Chim. Acta^ 17, 510 (1934). 

N R. G. Ault, D. K. Baird, H. C. Carrington, W. N. Haworth, R. W. Herbert, B. L. Hirst, E. G. V. 
Perdval, F. Smith and M. Stacey, J. Chtm. Soc., 1933, 1419. D. K. Baird, W. N. Haw<Mrth, R. W. 
Herbert, B. L. Hirst, F. Smith and M. Stacey, Ibid., 1934, 62. 

M Hoffman-La Roche, G. P., 627,249. H. Appel, J. Chim, Soc., 1935, 425. 

M L. y. Vargha, JBer., 68, 18 (1935). 
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of benzaldehyde, followed by oxidation to di-ethylidene-i-xylose or 
benzal-Z-xylose, respectively, and hydrolysis to the free /-xylose. 

The preparation of /-l 5 ncose is more complicated. d-Galactose (from 
pectins) is converted into the 1 : 2,3 : 4-diacetone-derivative and oxidized 
to 1 : 2,3 ; 4-diacetone </-galacturonic acid and hydrolyzed to d-galacturonic 
acid. By reduction of the aldehyde group of the latter compound, ^galac- 
tonic acid is obtained which is converted into the acid-amide, /-galacton- 
amide and finally into Wyxose. 

The oxidation of the pentoses to the osone, which is called /-xylosone, is 
accomplished by either preparing first the osazone which is decompo^d 
by the aid of benzaldehyde, or by direct oxidation with hydrogen peroxide 
and ferrous sulfate as catalyst. If the osazone is prepared as an inter- 
mediate, it is not necessary to start with pure crystalline pentoses. 

For the conversion of /-xylosone into ascorbic acid, hydrogen cyanide is 
added to the osone yielding the nitrile (V) which apparently enoliz^ and 
lactonizes immediately to form the cyclic imino-compound (VI) since it 
gives none of the reactions for a nitrile group. The use of potassi^ 
cyanide in the presence of calcium chloride instead of hydrogen cyanide 
shortens the reaction time from days to hours. The cyclic imino-com- 
pound (VI) can be isolated. The isolation, however, is not necessary. 
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By acid hydrolysis /-ascorbic acid is obtained, the imino group being 
eliminated as an ammonium salt. 
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(c) Synthesis of Ascorbic Acid by Condensation of Ethyl-glyoxylate 

with UThteose^^^ 


According to this method ascorbic acid is synthesized by a benzoin 
type condensation from ethyl-glyoxylate and /-threose in alkaline 
solution. Practically, the acetylated cyano-hydrine of /-threose is used 
which in one operation yields ascorbic acid. 
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B. Helferieh mnd O. Peten, 0«r.. 70, 405 (1987). 
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Instead of the ethyl-glyoxylate ethyl-mesoxylate may also be used with 
the same effect 
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(d) Synthesis of Ascorbic Acid by Ester Condensation of Benzoyl-glycolic 
Acid with a-Oxy-acids^^^ 

This method is best illustrated by the following formulas: 

r_CH— COOC 2H6 4* CHa—COOCHrCeHft 
(!) Bzl 0 Bzl 


R— CH— CO— CH— COOCHi— C.H, 
i Bzl i Bzl 


Sapont&ciition 


OH OH 
R— hI: (!>=o 

Y 


8. Industrial Methods of Preparation 

Vitamin C is commercially available in the crystalline form, made 
either by synthesis or by extraction from natural sources. Since very 

B. HcUerich, G. P., SSS.SM. 
m F. Michcel zad H. Haatiioff, Ann.. 545, 28 (>B40}. 
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economic methods have been worked out for the synthetic route, using the 
2-keto>hexonic acid as intermediate, the isolation procedure from natural 
sources becomes less and less attractive. The purity of commercial as- 
corbic acid is about 99%. 

In the canning industry special methods have been developed for essen- 
tially maintaining the natural vitamin C content of foods. For example, 
the water used to cook vegetables is boiled before the plant material is 
added in order to avoid oxidation by the air dissolved in the water. 
The boiling process itself is carried out anaerobically. Vegetabljes are 
stored in refrigerators where the loss of vitamin C is slow, whereas at room 
temperature most plant materials lose their vitamin C content rmidly. 
The freezing method for preserving food causes no essential loss of\ vita- 
min C provided the material is consumed immediately after defrosting. 

\ 

9. Biogenesis 

The mechanism of the ascorbic acid formation in plants and in animals 
is largely unknown. It seems conceivable that ascorbic acid may be 
produced by transformation of sugar acids of related structure such as 
glucuronic acid or galacturonic acid, or by total synthesis. In favor of 
the latter hypothesis is the observation that volatile constituents of plant 
and animal unsaponifiable matter, lipid in nature, can serve as the pre- 
cursor of ascorbic acid in the body of the rat.“® Furthermore, it has been 
found that the vitamin C content of livers and intestines of rats which 
had been subjected to extreme periods of inanition did not change sig- 
nificantly, This suggests that the preciursor of ascorbic acid was probably 
of endogenous origin and independent of carbohydrate intake.^®* 

In favor of the hypothesis that vitamin C is formed by chemical trans- 
formation of compounds of related structiue is the observation that dex- 
trose apparently increases the ascorbic acid content of slices of intestinal 
tissue, but not of tissue slices from liver, spleen, stomach and brain, 
when the vitamin is determined by iodine titration. Among many sugars 
investigated, mannose causes a greater rise of ascorbic acid than any other 
sugar investigated, in plant and animal^®® tissue in in vitro and in vivo 
experiments. Also /-sorbose has been found active as precursor of vita- 
ls B. P. Kohman, W. H. Eddy and C. Z. Gurtn. Ind. Eng, Chem., 23, 1064 (1031); 25, 082 (1933). 
M R. R. Mutulin. R. H. Tally, H. B. Longeneckar and C. G. King. /. Biol. Chem., 129, 437 (1939). 

M C. Mentzer and G. Urbain, Compt. rend, soc. biol., 128, 270 (1938). 
m F. Widenbauer and K. Koschorreck. Biochgm, Z.. 291. 209 (1937). 
m s. N. Ray, Biochem. J., 28, 996 (1934). 

m B. C. Ottha and A. R. Ghoih, Nalnrz, 134, 739 (1984); 135. 284, 871 (1985); 138, 844 (1986). 
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min C.“® These findings, however, could not be confirraed.^^ It has 
recently been postulated^^* that the presence of traces of manganese is 
necessary for the successful synthesis of ascorbic acid from mannose and 
to a lesser extent from galactose and glucose in plant and in animal tissues, 
especially in the liver . Also the inability of man and guinea pigs to produce 
vitamin C has been discussed in view of the low Mn concentration of their 
tissues.”® It has furthermore been shown that whereas the optimum Mn 
concentration in in vitro and in vivo experiments with rat liver tissue is 
about 0.001-0.005%, the concentration of manganese necessary for a 
successful synthesis of ascorbic acid in in vitro and in vivo experiments 
with guinea-pig liver tissue is much higher.”® 

A correlation of available manganese with ascorbic acid production 
has also been found in plants. The ascorbic acid content of tomatoes 
from plants grown on soils low in manganese is considerably lower than 
from plants grown on soils with higher manganese content. In pot cul- 
tures the application of one gram of MnS 04 ‘ 4 H 20 , in a localized area, 
to 15,000 g. of Sassafras sandy loam soil increased the ascorbic acid con- 
tent in tomato pulp from 142 to 243 mg. per liter.”* 

The various observations of increased ascorbic acid excretion following 
the administration of various chemicals appear to result from a slightly 
different chemical mechanism.”® Particularly effective are terpene-like 
cyclic ketones, for example, /- and d-carvone, d,/-piperitone, isophorone, 
a- and jS-ionone, pulegone, thujone, camphor and neridol and somewhat 
less active are di-isobutyl-ketone, dipropyl-ketone and dimethyl-acetyl- 
carbinol. These results indicate that a stimulation of the normal ascorbic 
acid synthesis occurs in order to detoxify compounds which are foreign to 
the tissues. The increase of ascorbic acid content of rat adrenals after 
feeding 3-hydroxy-acetonyl-acetone may probably be explained similarly.^** 

For the site of ascorbic acid formation in plants and for the influence 
of light upon the synthesis see page 324. 

10. Specificity 

The antiscorbutic acitivity of vitamin C is quite specific. A number 
of salts are active, for example, the sodium, copper, manganese and iron 

» G. V. Sztareczy, Biochem. Z., 295, 369 (1938). 

“ A. Scheunert and M. Schieblich, Z. physiol, Chem., 246, 272 (1937). J. R. Hawthorne and D. C. 
Harrison, Bioch€m, 3i, 1061 (1937). 

M. N. Rudra, Nature, 141, 203 (1938); 143, 811 (1939); Biochem, Z.. 301, 238 (1939). 

M. N. Rudra, Nature, 144, 868 (1939). 

»• J. B. Hester, Science, 93, 401 (1941). 

» H. B. Lonsenecker, R. R. Musulin, R. H. Tully and C. G. King, J. Biol. Chem., 129, 445 (1039). 

» J. Mosonyi, Z. physiol. Chem., 230, 240 (1034). 



314 


VITAMIN O— ASCORBIC ACID 


salts, and salts of organic amines, for example, of mono-ethanol-amine 
and of quinine. None of the simple derivatives of ascorbic acid, for ex- 
ample, the acetone derivative,'^’ the dimethyl-ether, the dihydro-com- 
pound or the imino-ascorbic acid, are active. It is important to note, 
however, that the oxidized form, the dehydro-ascorbic acid, in lactone 
form has the same activity as the non-oxidized form. The open chain 
dehydro-ascorbic acid, on the other hand, is completely inactive, whereas 
the methyl-2-keto-/-gulonate, but not the free acid, is active,'^® presumably 
because the organism is able to convert this compound into ascorbic acid. 

Practically all the theoretically possible stereoisomers and simple 
homologs of ascorbic acid have been prepared and tested for antiscorbutic 
activity. From the results of these experiments it is concluded tha^ for 
antiscorbutic activity a ^-configuration is necessary at carbon atoii;! 4, 
that a side chain must be attached to this carbon atom, and that in \the 
side chain a hydroxyl group is necessary in 5-position. All hydroxyl 
groups must be free. 

The number of active compounds is, therefore, quite limited. They 
are: d-arabo-ascorbic acid"®* (iso-ascorbic acid) (about '/io 

of the activity of ascorbic acid), 6-desoxy-/-ascorbic acid'** (about '/i of 
the activity of ascorbic acid), /-rhamno-ascorbic acid'** (about '/s), /-gluco- 
ascorbic add'** (about '/40)# /-fuco-ascorbic acid'** (about '/w) and d-gluco- 
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hepto-ascorbic acid^“ (about Vioo). /-Scorbamic acid has also been re- 
ported^** to show antiscorbutic activity. Of all the compounds, /-ascorbic 
is the most potent. 

Vitamin C is the only naturally occurring antiscorbutic compound. 
However, another substance has been isolated from adrenal cortex'*^ of 
beef, which is said to show faint antiscorbutic activity and which possesses 
the reducing and general chemical properties of ascorbic acid. The com- 
position was found to be: C 25.86%, H 5.97%, N 5.97%, P 0.55%. The 
chemical and physical data of this compound do not permit any conclu- 
sion to be drawn as to the purity or the constitution of the compound. 
It might well be that a form of ascorbigen, a combined ascorbic acid, was 
isolated. Another possibility would be that ascorbic acid can be chemi- 
cally bound in a way similar to the vitamins of the B-group to complex 
molecules containing phosphoric acid, thus forming part of enzyme sys- 
tems. Any definite opinion about the existence of a second naturally 
occurring antiscorbutic substance must be withheld until further experi- 
mental data become available. 


1 1 . Determination 

(a) Physical Methods 

Spectroscopical Method. The determination of the intensity of the 
characteristic absorption spectrum in water solution at 265 mu, for ex- 

F. Miehed and R. Mittag. Naturwissenschuften, 25, 158 (1937); Z. physiol. Chem., 247, 34 (1937). 
B. Ott, K. Krftmer and W. Faust, Z. physiol. Chem., 243, 199 (1936). 
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ample, before and after destruction of the vitamin, has been advocated.'** 
Since vitamin C in solution is quickly destroyed, the determination must 
be carried out rapidly. An addition of reducing agents has been recom- 
mended. The position of the absorption band is somewhat different in 
various solvents. In alcohol, for example, the maximum is at 245 miA. 
The position of the band is, furthermore, a function of the pH. With 
decreasing pH the maximum shifts toward shorter wave lengths.'** The 
best method of determining ascorbic acid is to use a water solution of the 
vitamin to which an equimolecular amount of potassium cyani^de as 
stabilizer has been added (Fig. 14 on page 294).'*®* j 

Poiarographic Method. Determination of the oxidation poten^al of 
ascorbic acid in acid solution, for example, in extracts from fruits or 
vegetables, has given quite satisfactory results.*** 

(b) Chemical Methods ^ 

Chemical methods of determining vitamin C are generally used today 
replacing almost entirely the biological methods of earlier days. The 
chemical methods are mostly based on the great reducing ability of ascorbic 
acid. Since besides ascorbic acid the naturally occurring dehydro- 
ascorbic acid also exhibits vitamin C activity, care must be taken to 
include the non-reducing dehydro-ascorbic acid in determinations of 
vitamin C in natural products. It should, furthermore, be observed that 
apparently varying amounts of vitamin C are chemically bound to protein 
materials, in which combination the ascorbic acid shows no reducing action. 

Titration with Iodine. The vitamin C content of pure solutions can be 
determined by titration with 0.01 N iodine solution. This method proved 
to be inadequate for the determination of ascorbic acid in natural products, 
since they contain other reducing substances besides vitamin C and since 
the color of such products interferes with the determination of the end- 
point of the iodine titration. 

Titration with 2,6-Dichloro-phenol-indophenol. The determination of 
vitamin C by titration with 2,r)-dichloro-phenol-indophenol (see formula 
p. 317), originally suggested by Tillmans,'** is the most widely used 
method today. A great number of different modifications have been 

in £. B. Robertson, J. Soc. Chem. Ind., 53, 277 (1934). A. Chevallier and Y. Choron Compt. rend, 
soc. bioL, 124, 453 (1937). 

B. Starzynski, Bull. Acad. Pol. Sci. Letter, A 1937, 462. 

R. A. Morton, The Application of Absorption Spectra to the Study of Vitamins and Hormones, Lon> 
don. 1935. 

H. Mohler and H. Lohr, Help. Chim Acta, 21, 485 (1938). 

K. Schwartz. Z. anal. Chem., 115, 161 (1939). T. Osternd, Tek. Ukeblad, 86, 216 (1989). 

J. TUlmans, Z. UnUrsuch. Lebensm., 54, 33 (1927). 
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proposed to overcome the various insufficiencies resulting from the deter- 
mination of vitamin C in the presence of other plant or animal materials. 
The indophenol dye oxidizes besides ascorbic acid, for example, sulfhydryl- 
compounds,*” thiosulfate,'^ pyridinium compounds'” (medication), the 
reduced forms of nicotinic acid derivatives and of riboflavin,'” etc. In- 
organic and organic ferrous and ferric compounds also interfere with the 
determination.'” In beer, yeast, malt, mold, etc., organic reducing sub- 
stances are found which react exactly like ascorbic acid toward the indo- 
phenol indicator. These compounds are sugar derivatives, formed by 
alkali. Known examples of these are reductic acid'” and reductone.'” 


Cl 



2,6-Dichloro-phenol-indopheiiol 


Cl 



Cl 


A certain amount of vitamin C in solution is often present in the de- 
hydro-form, which is not dctennined by the indophenol titration. In 
order to include the dehydro-form, it is necessary to convert this form 
first into ascorbic acid. This is carried out by hydrogen sulfide at pH 
4-7, followed by an elimination of the excess hydrogen sulfide by blowing 
nitrogen through the solution. The results obtained by this method, 
however, are not always trustworthy. The following method has there- 
fore been suggested: (1) to convert the total vitamin C content into the 
dehydro-form, for example, by passing through Norite or by ascorbic acid 
oxidase; (2) to determine the amount of reducing substances left; (3) to 
reduce the dehydro-compound with hydrogen sulfide, and (4) to titrate 
the vitamin C with indophenol, The difference between the value from 
the second titration and the value of the first titration gives fairly reliable 
results of the total amount of ascorbic acid present, unless, as in urine, 
substances are present which are capable of slow reduction with hydrogen 
sulfide to indophenol-reducing substances. This difficulty can, how- 

A. Emmerie, Biochem. J., 28, 268 (1934), 

M. van Eekelen, Acta Brevia Neerland. Physiol. Pharmacol. Microbiol., 4, 137 (1934). M. Hainc- 
mann. Ibid., 6, 67 (1936). 

**• C. F. Gannon and T. McGovern, Proc. Soc. Exptl. Biol. Med., 38, 267 (1938). 

W. W. Woessner, C. A Elvehjem and H. A. Schuette, J. Nutrition, 18, 619 (1930). 

**« K. P. Basu and M. C. Nath., J. Indian Chem. Soc., 15, 133 (1938). 

**• T. Reichstein and R. Oppenauer, Helv. Chim, Acta, 17, 390 (1934). 

»« K. K. Nelaon and C. A. Browne, J. Am. Chem. Soc., SI, 830 (1929). H. v Euler and C. Martius, 
Ann., 505, 73 (1933). 
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ever, be overcome by appropriate use of a photoelectric colorimeter, by 
following the progress of the titration as a function of time and by extra- 
polation of the results obtained.^^** The determination of vitamin C 

in fruits and vegetables may be carried out by any of these methods with 
a fair degree of accuracy. Since the amount of the dehydro-form in the 
living plant is generally insignificant (it is significant, however, in stored 
materials), approximate values can be obtained by direct titration if the 
fresh material is extracted sufficiently rapidly with a strong acid, for 
example, acetic acid,^^ trichloro-acetic acid,'^^ metaphosphoric ac^,^^® 
oxalic acid,^^® etc., to diminish the oxidation of vitamin C by the oxijdase 
present in the plant cells and to exclude the titration of glutathione preiient, 
and if the titration is performed immediately thereafter. \ 

Some other modifications have also been proposed. Thus, it has bl^en 
suggested^®® to extract the tissues in the cold with sulfuric acid or w^th 
phosphoric acid, to reduce the extract, for example, with hydrogen sulfide, 
cadmium, zinc, aluminum, palladium, chromium or titanium at a pH of 
about 4.5, and to titrate with indophenol before and after an addition of 
copper sulfate. Since the copper ions oxidize preferentially the ascorbic 
acid, the difference of the two titrations corresponds to the ascorbic acid 
content. 

The accuracy of the determination of vitamin C in extracts of animal 
origin is somewhat limited. Liver, for example, may give values up to 
20% too high. Metaphosphoric acid is particularly useful for the extrac- 
tion of animal tissues, since it also deproteinizes the extracts.^®^ Foreign 
reducing materials may be removed with lead acetate'®® or with mercuric 
acetate.'®* The latter, however, also oxidizes ascorbic acid to a con- 
siderable extent to dehydro-ascorbic acid. 

Special methods have been worked out to determine the ascorbic acid 
concentration in blood plasma'®® and in milk,'®® which involve the use of 
oxalic acid either alone or in mixture with metaphosphoric acid. Dehydro- 
ascorbic acid is determined by reduction with hydrogen sulfide. 

M R. L. Mtndlin rad A. M. Butler. J. Biol. Cfum., 122, 673 (1938). 

O. A. Bessey, Ibid., 126, 771 (1938). 
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The sensitivity of the deteimination of ascorbic acid with indophenol is 
quite satisfactory and in questionable cases, for example, in cases of 
prevalent turbidity, the results obtained are checked by adding a known 
amount of ascorbic acid to the solution. 

The end point of the titration with the indophenol dye may be deter- 
mined by visual observation or by the aid of a colorimeter*^® or a photo- 
electrometer.*®’- The latter method is especially accurate since a 

decrease in concentration of the dye, produced by the addition of a vita- 
min C-containing extract of insufficient concentration to cause complete 
reduction of the indicator,**® can be measured. The titration of very dark 
solutions may be carried out by extracting the excess dye after the com- 
plete oxidation of the vitamin.*** 

All these methods, as described, include only the determination of 
ascorbic acid and of dehydro-ascorbic acid, but not the determination of 
the combined form, ascorbigen, although experimental evidence has been 
presented that the ascorbic acid is liberated from ascorbigen by extraction 
with metaphosphoric or sulfo-salicylic acid.*®*- *** In order to determine 
the total true ascorbic add content of plant or animal material, the vitamin 
must be liberated from its carrier. An aqueous suspension of the material 
is heated while passing hydrogen sulfide through the solution, and after 
removal of the excess hydrogen sulfide by carbon dioxide or nitrogen the 
solution is titrated, for example, before and after a treatment with ascorbic 
acid oxidase. The transformation into the dehydro-compound by means 
of the spedfic enzyme or by some other means such as copper ions appears 
to be necessary, since during the heating process in the presence of hy^ogen 
sulfide an appreciable amount of reducing compounds other than vita- 
min C is formed which are capable of being oxidized by the indophenol 
dye.**® 

Titration with Methylene-blue. Ascorbic add reduces methylene- 
blue in the presence of light to the leuco-compound. This reaction has 
repeatedly been used**®- *** and advocated for the quantitative deter- 
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mination of vitamin C. The vitamin is extracted from plant or animal 
material by means of trichloro-acetic acid^®^ or sulfo-salicylic acid.^®® 

Quantitative Determination by Means of Folin’s Reagent^®® Vitamin 
C, extracted from animal or plant material by metaphosphoric acid, has been 
claimed to be oxidized specifically by mono-iodo-acetic acid and Folin's re- 
agent, which consists of a solution of molybdenum-free sodium tungstate 
in dilute orthophosphoric acid to which a small amount of bromine 
water is added. A blue color is produced which is measured in a color- 
imeter. This reaction is not very specific and is given, for example,/ by 
other dihydroxy-compounds and by phenols. I 

A similar color is obtained by the addition of sodium tungstate in sulfmc 
acid to a solution of the vitamin in metaphosphoric acid followed by ihe 
addition of alkali. ■ 
Determination by Means of Molybdenum-phosphotungstic acid.^T® 
This reagent produces with vitamin C a violet color which is measured 
colorimetrically. 

Test According to Giri Using Ferricyanide and Ammonium Molyb- 
date,^’® Ascorbic acid in trichloro-acetic acid solution reduces potassium 
ferricyanide which upon further addition of ammonium molybdate yields 
a red-brown precipitate. Vitamin C solutions from natural sources oxp 
purified by the addition of mercuric acetate which precipitates pigments, 
tannins, glutathione, cysteine, etc. 

Phosphomolybdic Acid Test.'’**' Phosphomolybdic acid produces a 
blue color in acid solution with ascorbic acid. 

Bachstez-Cavallini Reaction with Uranyl-acetate.^’®» Uranyl-ace- 
tate in slightly alkaline solution produces with ascorbic acid a brown 
color discharged by the alkali followed by precipitation of sodium uranate. 
This reaction serves as a test for differentiating vitamin C from isoascorbic 
add, since with the latter compound only a brownish color develops but 
no precipitation occurs. 
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Vanadium Test.^^® Vitamin C )ridds a blue color, wliich later changes 
to green, with a reagent prepared from vanadium pentoxide and sulfuric 
acid. 

Barac’s Azo Test^^® Diazotized sulfanilic acid is reduced by the 
action of ascorbic acid and forms the orange compound: 


H0,S-C«H4N=NC«H4~-S08H 


Sulfanilamide Test.^®® A solution of sulfanilamide, sodium nitrate, 
sulfo-salicylic acid and urea is mixed with a solution of ascorbic acid, and 
a-dimethyl-naphthyl-amine is added. The color developed is compared 
with the color of the same mixture without the vitamin. 

Selenous Acid Test.^®^ Selenous acid solutions produce an orange-red 
color with ascorbic acid in solution. 

Gold-trichloride test.^®^ The ability of ascorbic acid to reduce gold 
trichloride has been used for the determination of vitamin C. 

Mercuric Chloride Test.^*^ Mercuric chloride is precipitated from a 
solution of mercurous chloride by the addition of ascorbic acid. 

Pitarelli’s Test with Cupric Sulfate and Ammonium Thiocyanate.^® 
A white precipitation occurs upon the addition of cupric stilfate and am- 
monium thiocyanate and a green color develops upon the addition of fur- 
ther amounts of ammonium thiocyanate to ascorbic acid solutions. 

Szent-Gyorgyi’s Reaction with Ferrous Sulfate. A dark violet color 
develops upon addition of a ferrous sulfate solution to an alkali solution 
of vitamin C, The color is bleached upon reduction with hyposulfite and 
can be restored by air oxidation. 

Test According to Tauber.^*® An acetic acid solution of ascorbic acid 
yields a blue color when first a solution of ferric cyanide and then a solution 

of ferric sulfate and phosphoric acid is added. 

Furfural Test.^*^ Vitamin C upon boiling with hydrochloric acid forms 
furfural, which is determined with the known aniline phloroglucinol or 
resorcinol test. Pentoses are included in the values obtained, whereas 
hexoses and glucuronic acid have a comparatively small furfural-producing 
capacity.^®® 


”« A. T. Freses, Bol. soc. guitn. Peru, 4, 22 (1938). 

O. Barac. Cvmpt. rend. soc. biol., 126, 61 (1937). 
w J. V. Scudi .nd H. D. Ratish, Ind. Bnt. Chem., Anat. Ed., . 

»i A. Emmerie, Ada Brevia Ifeerland. Physiol. Pkarmoeol. Mteroind., 4, 141 (1934). 
E. Pittarelli, Biochtm. terap. sper., 22, 100 (1936). 

H. Tauber, Microchemie, 17, 111 (1933). 

J. H. Roe. Science, 80, 561 (1934). 

» G. E. Youngberg, 7. Biol. Chem., 73, 599 (1927). 
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A modification of the furfural test is the osazone-furfural method. This 
has especially been adapted for the quantitative determination of vitamin C 
in urine. The vitamin is oxidized to dehydro-ascorbic acid by passing 
through Norite, and separated as a dinitro-phenyl-osazone. The nitro- 
groups are reduced with stannous chloride followed by hydrolysis of the 
osazone and the dehydro-ascorbic acid obtained is determined by con- 
version into furfural, etc. Another possibility is to titrate the dinitro- 
phenyl-osazone with titanium chloride in acid solution. 

Cacotheline Test.“’ Cacotheline (nitro-brucin) produces in hydro- 
chloric acid solution a lilac color with vitamin C and other reducing agjents. 

Determination of Vitamin C by Its Oxidation to Oxalic Acid, yita- 
min C is oxidized in acid solution with permanganate. After destroying 
the excess oxidizing agent with hydrogen peroxide, the oxalic acid pro- 
duced is determined.^® \ 

Prussian Blue Method. An acid ferricyanide solution is easily re- 
duced by vitamin C and converted into Prussian blue by known methods. 
The amount of blue is measured with a colorimeter. 

The determination oj dehydro-ascorbic acid in the presence of ascorbic acid 
can be accomplished by reaction with 2,4-dinitro-phenyl-hydrazine. The 
osazone of the dehydro-ascorbic acid precipitates and can be determined 
gravimetrically or by titration with titanium chloride. 

The rough determination of vitamin C in cells is carried out by the silver 
nitrate staining technic of Bourne, Giroud, Leblond and associates. 


(c) Biochemical Methods 

Ascorbic Acid Oxidase Method.^^^ This method is based on the 
ability of ascorbic acid oxidase to oxidize, preferentially, ascorbic acid. 
This oxidase, however, is not specific enough to give trustworthy results 
in the presence of other natural products,'® especially in the presence of 
extracts from animal tissues which contain, besides ascorbic acid, other 
compounds capable of reducing methylene blue.'®' It has, furthermore, 
been observed that a special preparation of oxidase from pumpkin did not 
react with vitamin C in human urine, spinal fluid and cow’s milk.'®^ 
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K. Wachbolder and A. Okrent, Z. physiol. Chem., 264, 264 (1940). 
m a. BtsnoooS and H. Vertniyen, Compt, rend. soc. hM., 128, 407 (1988). 
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(d) Biological Methods 

Although chemical and to a small extent also physical methods are 
replacing more and more the biological determinations of vitamin C, the 
biological tests maintain their place as the ultimate and most correct 
method of determining vitamin C. 

Guinea pigs are the only animals which can be used. When they are 
kept on a vitamin C-free diet, they develop scurvy within two to three 
weeks. Vitamin C determination tests are carried out using either the 
principle of the preventive method, that is, determining the smallest amount 
which prevents macroscopic signs of scurvy, for example, decrease in weight, 
or the principle of the curative method,*** that is, determining the smallest 
amount which will cure guinea pigs showing definite signs of scurvy. 
Another method is the histological examination of the teeth of guinea 
pigs.*** In a scorbutic tooth the odontoblast layer is disorganized, the 
predentine is calcified and an irregular layer of bone is formed between the 
odontoblasts and the predentine. 

12. Standards 

By definition ; 

1 1. U, (Intertiational Unit) vitamin C ~ 0.05 mg. of pure ascorbic acid*“ 

=» 1 U. S. Pharmacopoeia Unit. 

1 Sherman Unit = 0.5-0.(5 mg. vitamin C 

— 1 minimum protective dose (guinea pig). 

The minimum protective unit for guinea pigs has been defined as the 
smallest amount of ascorbic acid which when ingested daily prevents in 
guinea pigs of about 200 g. weight at least for 60 days the occurrence of 
the syndromes of a vitamin C deficiency. 

The Standard Reference as recommended by the Permanent Commission on Bio- 
logical Standardization of the League of Nations in 1931 was 0.1 ml. of freshly squeezed 
lemon juice, which was defined as 1 International Unit. This standard was changed 
in 1934 following the availability of the pure material. One Unit of the new standard 
corresponds in activity approximately to one Unit of the older Standard. 

13. Physiology of Plants and Microorganisms 

Vitamin C is a necessary growth factor for plants and microorganisms. 
This has been demonstrated^^ on pea embryos which have been isolated 

»» L. J. Harris, J. I. Mills and J. R. M. Innes, Laiuei, 2, 235 (1986). L. J. Harris and S. N. Ray, 
Biochem, 27, 2006 (1033). 

J. A. Hdjer, Brit. J. Exptl. Path.. 7, 366 (1926). K. M. Key and O. K. Elphidc, Bioeham. J., 2S, 
888 (1931). 

** Quart. Bull, ffaalth Organisation Laague Nations. 3 , 428 (1934). 

J. Bonner and D. Bonner. Proc. Natl. Acad. Sci. V. $., 24, 70 (1988). D. Click. Z. physUL Chem., 
245, 211 (1937). S. von Hausen. Biochem. Z.. 288, 378 (1936). 



324 


VITAMIN C — ^ASCORBIC ACID 


from their seeds and thereby from their natural nutritional resources. 
Dry seeds do not contain any demonstrable amounts of this vitamin during 
their inactive rest period, but contain some unknown precursor which is 
converted into ascorbic acid immediately upon the beginning of germina- 
tion. Tubers, such as the potato tuber, on the other hand, contain appre- 
ciable amotmts of vitamin C. 

The beneficial effect of ascorbic acid on higher plants can also be demon- 
strated in other cases. There is a considerable species difference, for ex- 
ample, eggplant shows no response; tobacco plants, however, gain con- 
siderably in growth upon administration of ascorbic acid solutions. 

It is not known where vitamin C is formed in higher plants but it is found 
regularly in high amounts in all growing parts. Adult parts contain some 
vitamin C, but parts which have turned into wood do not contain apy 
ascorbic acid at all. Haw contains the vitamin in the hull and shell, biit 
not in the seeds. The highest amount is found usually in flowers and in 
leaves. Petals contain more ascorbic acid than pistils, stamens and 
calyces.^®® 

Light seems to have a beneficial effect upon the production of ascorbic 
acid in plants.®®® This finding might probably be linked with the observa- 
tion that red and violet flowers generally contain more active material than 
white and yellow flowers. The concentration of ascorbic acid in plaiit 
leaves is also a function of the light received and fluctuates considerably 
during the day, the maximum being reached, for example, in potato leaves 
in the forenoon.®®® 

The mechanism of the ascorbic acid action in plants is largely unknown. 
The conception of a participation in the oxidation-reduction systems of the 
living plant will be discussed with the corresponding action in animal tis- 
sues. (See page 326.) 

The physiology of vitamin C in microorganisms differs considerably with 
the species. Thus some bacteria need vitamin C and are apparently able 
to synthesize it.®®* This question has especially been studied on lactic acid 
bacteria and it has been found that some strains show a definite growth 
response to vitamin C added to the culture medium,®®* while others are re- 
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tarded and some apparentiy do not respond either way. Vitamin C is syn- 
thesized, for example, by Bacillus prodigiosus^ as proved by chemical and 
biological determination. It has also been demonstrated that some pro- 
tozoa need an external supply of ascorbic acid for optimal growth.*^ 

14. Animal Physiology 

Of all the vitamins, vitamin C has received the widest attention in a large 
number of various investigations relating to different phases of physiological 
interest. Nevertheless, the knowledge about the general physiology, the 
metabolism and the mechanism of the vitamin C action is still fragmentary 
and the fundamentals of these subjects are still unknown. 

(a) Metabolism 

Ascorbic acid is absorbed by the tissues of the intestinal tract, princi- 
pally of the small intestine. After oral ingestion of vitamin C the vitamin 
level in blood plasma rises to a maximum within about 1.5 hours, but occa- 
sionally, for example, after an intake of strawberries or cauliflower a con- 
siderably longer period of time elapses before the vitamin level in the blood 
is increased. In any event, the increase is only temporary. The vitamin 
is transported with the blood throughout the entire organism and excess 
amounts are secreted in the urine-®® where it appears mostly in the free form, 
but to a small extent also in a combined form.^^® Ascorbic acid given in- 
travenously or subcutaneously raises temporarily the vitamin C content of 
the blood, but is excreted within one to three hours.**”* More prolonged 
effects are obtained if the vitamin is injected intramuscularly. This, how- 
ever, causes sloughing due to the acidity of the vitamin. The preferred 
method in cases of necessary parenteral administration is to inject salts, 
for example, sodium salt, or salts of organic amines, for example, of mono- 
ethanol-amine. 
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Tissues and body fluids contain various amounts of this vitamin. Nor- 
mal human blood plasma contains about 1.2 mg. ascorbic acid in 100 cc.^^^ 
There are no real storage organs for this vitamin, although some organs 
contain increased amounts. Among these the adrenal gland contains the 
most. It has been shown, however, that, for example, in guinea pigs the 
amount of ascorbic acid in this gland cannot be increased, even by feeding 
excess amounts of vitamin Generally, tissues of high metabolic 

activity have the highest vitamin C content. Thus, young tissues contain 
more vitamin C than older tissues, as has been shown on the thymus*^* and 
the corpus luteum.®^’ Elderly people generally have less vitamin O re- 
serves than young people. Vitamin C is secreted in the milk. Cow’s milk 
contains on the average about 22 mg./l. Human milk contains several 
times more vitamin C than cow’s milk (about 75 mg./l.), since babies, bat 
not calves, need an external supply of this vitamin. Colostrum contains 
somewhat more vitamin C.*^® The ascorbic acid secretion in cow’s milk 
varies somewhat with the season. The highest amount has been found in 
the late summer or early fall.^^* Ascorbic acid is also at times excreted in 
the sweat.^*® The main excretion is through the urine, as stated before. 
The excretion occurs within four to six hours following ingestion. Some 
ascorbic acid is also excreted in the feces.®** 

(6) Physiological Action 

The most obvious property of ascorbic acid is the reversible oxidation 
and reduction capacity, and much speculation and experimental work arose 
from the idea of correlating this behavior with the mechanism of the vita- 
min action. It seems established that under physiological conditions the 
reversibility of the reducing capacity of ascorbic acid exists, although this 
reversibility is only partial in in vitro experiments. The instability of the 
oxidized form, dehydro-ascorbic acid, even in the intact cell, is probably the 
reason for the fact that the organism needs a relatively greater amount of 
this vitamin than of the other vitamins. 
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It has been postulated that there exist special enzyme systems which 
take care of both the oxidation and the reduction of ascorbic add. Thus, 
an enzyme has been found in blood*^® and in plant juices*®^ which reduces 
dehydro-ascorbic add. On the other hand, glutathione has been shown to 
be the most effective reductant and protective agent for vitamin C in the 
living animal and in some plant cells. Besides glutathione, other 

compounds with fixed sulfhydryl-groups exert reducing capacities upon the 
oxidized form of vitamin C. Also certain purines, such as xanthine, uric 
acid and theophylline, but not caffeine and theobromine, and creatinine, 
but not creatine, have been shown experimentally to protect the vitamin 
against oxidation.^” The opposite reaction, the oxidation of ascorbic add, 
is much easier to demonstrate and is carried out by a special enzyme, “as- 
corbic acid oxidase.*' The existence of this enzyme in plants is estab- 
lished,2“' but its occurrence in animal tissues is questionable. Ascor- 
bic acid oxidase has the constitution of a copper protein®*® and is specific 
for the stereochemical configuration of /-ascorbic acid.®*^ Also, various 
polyphenylases are able to oxidize ascorbic acid in plants.®*® The search 
for the nature of the ascorbic acid-oxidizing enzyme in animal tissues has 
brought forward many experimental evidences which partly support and 
partly contradict the conception of the constitution of the enzyme as a 
copper protein. It seems plausible to assume that a number of different 
oxidation-reduction systems act on ascorbic acid in the living organism. 
Thus, conclusive evidence has been presented that ascorbic acid is rapidly 
oxidized by cytochrome oxidase plus cytochrome-c.®** The question of 
the nature of the mechanism of the ascorbic acid action should therefore be 
separated from any discussion of the reversible oxidation-reduction action 
of this vitamin until specific reactions of physiological importance in various 
organs, cells, body fluids, etc., have been established. 

A number of observations along these lines have been made, but it is im- 
possible at the moment to correlate these findings and to decide which ones 
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are of actual reality or physiological possibility in the organism. Some of 
these findings are noteworthy, for example, guinea pigs on a vitamin C- 
depleted diet show a parallel decrease in total oxygen consumption.**^ 
Peroxide-peroxidase destroys the physiologically toxic peroxides and is 
reduced by phenols which thereby become quinones, which in turn are re- 
converted to phenols by ascorbic acid.*®* The participation of ascorbic 
acid in hydrolytic or respiratory systems of the quinone and quinonimid 
type appears also probable from various other studies.*®* 

On the basis of the known behavior of ascorbic acid, Szent-Gyorgyi*®’ 
suggested that this vitamin takes part in a respiratory system, invoking 


the following reactions: 

Cu ions 

Ascorbic acid -H O 2 ► dehydro-ascorbic acid H 2 O 2 (1 

hexoxidase 

\ 

Flavone + H,Oj oxidized flavone + H,0 (2) 

Flavone-oxide -f ascorbic acid -► dehydro-ascorbic acid -f flavone (3) 
Dehydro-ascorbic acid + glutathione — ► ascorbic acid ■+• oxidized glutathioT^e (4) 
Oxidized glutathione -f- glucose phosphate -► glutathione -|- CO 2 + H 2 O (5) 


This hypothetical system contains “flavones,’' for example, vitamin P 
(see page 513) as components. In the absence of this component the reac- 
tions (2) and (3) are substituted by 

H2O2 H2O -h V2 02 (6) 

Another process involving the consumption of oxygen and the possible 
participation of ascorbic acid is the reversible or irreversible oxidation of 
hemoglobin or of hemochromogen to the green verdo-hemo-chromogen.*®* 

A number of enzymes have been recorded which are supposedly activated 
by the addition of ascorbic acid, for example, cathepsin, arginase,*®* 
papain,*^* amylase,*^' catalase, urease,*** tyrosinase, nuclease,**® phos- 
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phatase,^**' succinic dehydrogenase®^ and cytochrome oxidase,®^* 
Observations which seem to indicate that ascorbic acid functions as a co- 
enzyme or as part of a coenzyme are quite interesting. In patients suffer- 
ing from vitamin C depletion, the amount of blood esterase was found 
greatly decreased®^ and again increased upon administration of ascorbic 
acid.®^’ Furthermore, the amount of liver esterase found in guinea pigs 
fed with vitamin C was considerably higher than that found in avitaminotic 
animals.®^®* ®^® Liver esterase loses its activity upon dialysis with diluted 
hydrochloric acid and can be reactivated by addition of ascorbic acid.®" 
The amount required for this reactivation was about a thousand times the 
amount calculated to be present in the original preparation and it took con- 
siderable, unphysiological time before the reactivation occurred. It might, 
therefore, be considered that the active principle is ascorbic acid, but that 
this compound is chemically bound to some other dialyzable material to 
make up the coenzyme, similar to the mechanism of riboflavin in various 
enzyme systems. The material of faint antiscorbutic activity, isolated 
from adrenal cortex of beef ®^ and containing both nitrogen and phosphorus, 
might perhaps constitute such a coenzyme or part of it. (For a discussion 
of this compound see also under Specificity of Vitamin C, page 315 ) Ex- 
perimental proof for this assumption is lacking, but it should be recalled 
that “combined ascorbic acid,“ ascorbigen, has been shown to occiu* in both 
animal and plant material.®^^ 

Explanations other than the coenzyme concept for the activating ability 
of vitamin C for various enzymes also exist. It has, for example, been 
postulated that ascorbic acid merely protects some active group of the 
enzyme system, which is easily oxidized.®^®* ®^® 

The function of vitamin C in the body, discussed so far, is that of a hy- 
drogen transporter in cellular respiration. Another experimentally well- 
founded function is the participation, in a still unknown manner, in the 
formation of colloidal intercellular substances, which comprise those of 
cartilage, dentine, and the matrical of bone and, furthermore, the collagen 
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of all fibrous tissues and non-epithelial cement substances. During 
avitaminosis, these fibrils or collagen are not formed. These phenomena 
are in close relationship to the disturbance of the calcium metabolism during 
times of vitamin C depletion, which affects growth and maintenance of 
bones and teeth and which sometimes appears similar to that observed 
during vitamin D deficiency. Also the phenomena of hemorrhagic lesions 
associated with vitamin C depletion appear to be connected with this basic 
function of the ascorbic acid. Experimental studies have also shown the 
particular presence of vitamin C in Golgi cells in the cerebral cortex and the 
cord, the function of which cells is to bring neighboring cells into relation to 
each other, and in the mitochondria, which form an essential part of me 
cytoplasm.®®® ^ 

Of particular interest is the reaction of the human organism towaifd 
ascorbic acid administration in cases of various poisonings. It has alreac^ 
been pointed out in the section on the Biogenesis of vitamin C (page 312) 
that the organism of ascorbic acid>producing animals reacts to the adminis- 
tration of chemicals, especially of ketones, by increasing the ascorbic acid 
excretion. In human beings beneficial effects of large doses of vitamin C 
have been recorded in cases in which the vitamin may act as a detoxicant. 
Cases have become known in which toxic doses of drugs, for example, 
/-tyrosine,®®’ chemicals,®®® for example, lead®®® and arsenic®®® compounds, 
benzene,®®^ etc., toxins,®®® virus and substances producing anaphylaxis,*®® 
etc., have had no toxic effect when administered simultaneously with 
vitamin C. It seems that ascorbic acid combines with some of these sub- 
stances and is excreted in such combination. Similar detoxification ef- 
fects are observed toward diphtheria toxins,®®®* ®®® tuberculosis,®®® and 
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many other infectious diseases.^ During such times the amount of as- 
corbigen excreted in the urine is increased.*** Guinea pigs which died from 
diphtheria intoxications showed reduced vitamin C content of the supra- 
renals,*** whereas no significant differences were found between the vitamin 
C content of the suprarenals of animals injected with a sublethal dose of 
diphtheria toxins and those of normal animals.*’® Bacterial toxins can 
cause a decrease of as much as 50 to 85% of the normal vitamin C content 
of the adrenals.**' 

In this connection the correlation of vitamin C to the complement is of 
importance. The complement is a thermolabile protein substance in the 
blood serum which destroys bacteria and other cells. The complement ex- 
hibits a reversible oxidation-reduction potential the maintenance of which 
is to a great extent a function of the ascorbic acid content of the blood 
serum.*** 

Vitamin C has also been linked with the amino-acid metabolism. It has, 
for example, been shown in vitro that dehydro-ascorbic acid dehydrates 
amino-acids, for example, leucine, with the formation of ammonia and 
strongly reducing acidic compounds, probably keto-acids.*** 

A close relationship of vitamin C to the carbohydrate metabolism has, 
for example, been demonstrated in the case of guinea pigs in which the 
capacity for metabolizing glucose*** or dextrose**® is moderately lowered in 
the prescorbutic and scorbutic stage of vitamin C deficiency. Vitamin C in- 
creases blood sugar in cases of hypoglycemia and in prolonged usage tends 
to prevent hypoglycemia. In schizophrenics given insulin shock treatment, 
the vitamin raises the blood sugar and enables the patient to be revived 
more quickly than by sugar administration. Vitamin C is thus a factor in 
carbohydrate metabolism. This has also been shown in a disease in which 
there is a disturbance of muscle-glycogen metabolism.*** 
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It is also suggested®^ that vitamin C, copper and protective substances, 
like glutathione, which occur together in all tissues, play an important role 
in the regulation of the activity of tissue phosphatases. 

(c) Relation of Vitamin C to Other Vitamins, Hormones, Etc. 

As stated previously in the general chapter on vitamins, there is no syn- 
ergistic or antagonistic action of one vitamin to another.®^ Vitamin C 
has the special faculty of detoxifying a large variety of different compounds 
including toxic doses of other vitamins. In animals which have the power 
of synthesizing their own supply of ascorbic acid the observation has gener- 
ally been made that the amount produced is reduced at times of low vitality. 
Therefore, in rats fed a vitamin A-free diet the ascorbic acid content of tbe 
heart and probably also of the kidney and the thymus is significantly re- 
duced.®^® Similar reductions in the ascorbic acid concentration in various 
tissues and endocrines have been observed in vitamin Bi and riboflavin de- 
ficiencies, but no noteworthy changes occurred as a result of Be-avi- 
taminosis.®’^® 

A close relationship of vitamin C to various hormones is noted, since 
during avitaminosis a decreased hormone secretion is observed from those 
glands which normally contain high concentrations of vitamin C, for ex- 
ample, pituitary, pancreas, adrenal, thyroid, liver, intestinal wall.®” In 
particular, it has been observed that vitamin C is necessary for the utiliza- 
tion of the adrenal cortex hormones, especially for the salt metabolism con- 
trolled by these hormones.®®^ There seems to exist an antagonism between 
vitamin C and thyroxine. Administration of this hormone reduces the 
vitamin C content of liver, adrenals, etc. This effect can probably be 
linked with the property of ascorbic acid of detoxifying harmful compounds. 

The relationships of vitamin C to various enzymes and to traces of metals, 
especially to manganese and copper, have already been discussed. 

15. Avitaminosis and Hypovitaminosis 

The state of hypovitaminosis which is quite common among human be- 
ings is characterized by impairment of physiological functions. Guinea 
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pigs, during h3rpovitaniinosis, are very sensitive to injury from diphtheria 
and other toxins^** and toward infectious diseases.**^ In humans, a 
depletion of the vitamin C reserves occurs during many diseases, for exam* 
pie, during fever, tuberculosis,^^® etc. During avitaminosis the vitamin 
C level in blood serum and in the urine is lowered and the normal metabolic 
activity is decreased. More severe deficiency causes sore and swollen 
joints, edema, shortness of breath and a decline in weight. The clinical 
symptoms of vitamin C-avitaminosis are summarized under the term 
scurvy and are mainly characterized by hemorrhagic conditions. The ac- 
tual place of these is largely influenced by growth and stress.^ Thus in 
the growing human, hematomas, steoporosis, bone pains, etc., occur. The 
site of hemorrhages in adults is determined mainly by physical stress. 
During avitaminosis bones cease to grow and the normal junctions are re- 
placed by connective tissue which contains calcified cartilages, but is devoid 
of osteoid tissue. This phenomenon can be seen in roentgenograms. The 
enamel, cementum and, most predominantly, the dentine change in 
structure, become resorbed and porotic and the newly formed material is of 
inferior strength (osteodentine). The gingiva, the gum of the jaws and 
surrounding the teeth, swells up, becomes spongy and bleeds easily. In 
severe cases hemorrhagic lesions are also observed in muscles, eyes (cata- 
ract^) and skin (lesions of the acne type^®). Furthermore, a typical ane- 
mia of scurvy develops. Concomitant signs of a vitamin C depletion are 
atrophy of the glands of internal secretion and of the lymphatic tissues. 
The clinical symptoms of vitamin C deficiency in infants are known under 
the name Moller-Barlow’s disease. 

Vitamin C shortage in the organism is most dangerous in cases of bone 
fractures^ and wound healing,-®' which are not cured rapidly and properly 
unless enough vitamin C is available. Cases have also been reported** 
showing that subnormal dark adaptation of the eye may be caused by vita- 
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min C depletion at times when enough vitamin A and riboflavin were in- 
gested. However a possible relationship of vitamin C to certain forms 
of cataract has been denied.^* 

Administration of vitamin C in human therapy is also indicated in cases 
of excessive bleedings (with the exception of hemophilia), rheumatic 
fever^ and arthritis, anaphylaxis, drug h 3 rpersensitivity, certain forms of 
allergy, lead and arsenic poisoning,^ and Addison’s disease in order to 
decrease the degree of pigmentation of the skin.^^ In cases of disturbances 
of the gastrointestinal tract and especially in gastric and duodenal ulcers,^ 
vitamin C deficiencies occur quite often due to intertestinal destruction of 
the vitamin or to poor absorption. Thus, chronic scurvy is often diagnosed 
as pyorrhea.^ In such cases the vitamin is administered parentei^ly, 
preferably by intramuscular injection.*^ Since vitamin C is also a faliptor 
in carbohydrate metabolism, an administration of this vitamin has 
suggested in those illnesses in which there is a disturbance of the gly- 
cogen metabolism, in hypoglycemia, etc.*®^ 

In guinea pigs, typical changes of the female sex organs occur. The 
development of the follicles becomes greatly retarded and no corpora lutea 
develop at all. If the state of avitaminosis endures over a prolonged 
length of time, these changes cannot be repaired by the administration of 
vitamin C.* 


(a) Clinical Test Methods 


Clinically the detection of a vitamin C deficiency is of importance espe- 
cially when a state of hypovitaminosis is suspected. The following 
methods are now generally used: 

Blood Test. The ascorbic acid content of normal human blood plasma 
is about 1.2 mg. per 100 cc., but this value decreases considerably upon a 
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vitamin C-deficient diet. In the “prescorbutic state” the content is about 
0.8 mg. and by the time clinical S3rmptoms of scurvy become evident the 
vitamin C content of blood plasma is around 0.5 mg.^** **• When vitamin 
C is administered in excess amounts, the blood level may approach a value 
of 2.00 mg. per 100 cc. 

The actual determination of vitamin C in blood is carried out, for ex- 
ample, by titration with the indophenol indicator.*®^ It is necessary to de- 
proteinize the blood by means of a strong acid, for example, trichloro-acetic 
acid, tungstic acid*®* or metaphosphoric acid,*®* and thereafter to separate 
the dear blood plasma. This method has also been adapted for micro- 
work.*®’ The Prussian blue method,*®* the methylene blue*®® and some of 
the other methods described under “chemical methods of determining vita- 
min C” (page 316) have occasionally been used. Since the precipitation of 
protein material sometimes carries ascorbic acid along, it has also beet| 
suggested to titrate blood serum directly with indophenol in the presence of 
hydrochloric add.*“ It is necessary to determine the vitamin C content 
of blood serum immediately after the separation of the red blood cells since 
the vitamin C content decreases rapidly. *“ On the other hand, these 
determinations of vitamin C in the blood plasma are of fair accuracy if 
carried out properly, since no dehydro-ascorbic add is present in fresh 
blood, but is found only as an artefact. 

Urine Test The daily urinary output of vitamin C in avitaminotic 
humans is greatly diminished in comparison to the normal output. Clinical 
determinations are made on the urine of patients before and after an oral or 
preferably after* an intramuscular administration of moderate doses of 
vitamin C. Since a normal human being needs about 25-50 mg. of ascorbic 
acid daily, the response of the urinary excretion to the administration of 
this amount is determined.*^** *^* The urinary output of ascorbic acid of 
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healthy people varies considerably and can be influenced by a change in the 
acid-base balance of the food consumed. 

The exact actual determination of the total urinary excretion of vitamin 
C, comprising ascorbic acid, dehydro-ascorbic acid and ascorbic acid bound 
to protein material, is rather difficult. It has, for example, been suggested 
to use the titration with indophenol in various modifications®'^ or with 
methylene blue,®'® the colorimetric determination with molybdo-phospho- 
tungstic acid®'^ or to use the osazone-furfural method.®'®* ®'® 

A certain small amount of ascorbic acid is said to be excreted in combined 
form.®®® This amount is not included in all the results of ascorbic! acid 
determination, unless this part of the total ascorbic acid content is libei:ated 
from the combined form. During many diseases, particularly during t^mes 
of fever, diphtheria, etc., the amount of the combined form is considerably 
increased.®®' * \ 

Skin Capillary Fragility Test. One of the first signs of a state of sub- 
clinical scurvy (and of a vitamin P deficiency) is the considerably lowered 
capillary resistance.®®®* ®®® A relative quantitative picture of the vitamin C 
depletion of a patient can be obtained by measuring the fragility. This is 
done, for example, in the compression test, by pinching the skin with the 
finger for one minute and investigating the number and severity of the 
petechiae (hemorrhagic spots) produced. A more exact effect is obtained 
by applying pressure with a sphygmomanometer®®® which is inflated to a 
pressure below the diastolic pressure of the pulse. A suction method can 
also be used, applying negative pressure. The average resistance of human 
skin is about 30 cm. Hg but varies considerably with different parts of the 
skin. 

Roentgenographic Examination of Bones.®®® Since a slight hypo vita- 
minosis causes no changes in the bone structure, only more severe cases can 
be detected by roentgenographic studies. On the other hand, scurvy may 
be manifest in the skeleton without other clinical symptoms. The patho- 
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logical symptoms are encountered in the peripheral region and the end of 
the shaft of the long bones. 

Adrenal Cortex Examination. For autopsy purposes a rough deter- 
mination of the vitamin C content is made by soaking the opened gland in a 
silver nitrate solution. In cases of deaths caused by vitamin C depletion, 
very little silver precipitation occurs. 

The Intradermal Test. This method is based on the observation that 
a solution of dichlor-phenol-indophenol injected under the epithelium de- 
colorizes.®^® It has been estimated that a discoloration time of a given 
amount of the dye of five minutes indicates saturation with vitamin C and 
ten minutes or more indicates h)rpovitaminosis.®‘^ This test, however, 
proved to lack sufficient specificity for clinical work.®“ 

16. Hypervitaminosis 

A state of vitamin C h)rpervitaminosis is unknown. It has been impossi- 
ble to produce any toxic symptoms with guinea pigs by feeding excess 
amounts of this vitamin and no increase in the vitamin C content of the 
organs over their normal levels could be detected. No toxic signs were 
observed in human beings who were given doses of from 1 to 6 g. orally or 
intravenously,®®® Occasional vagotonic symptoms are attributed to idio- 
syncrasy or drug sensitivity.®®^ Ingestion of ascorbic acid has a slight 
diuretic effect,®®® less than that caused by theobromine, but greater than 
the diuresis induced by digitalis.®®® In animals, the blood pressure rises 
somewhat upon injections of ascorbic acid.®®^ 

17. Requirements®®® 

Of the entire living world only man, the other primates, the guinea pig 
and a few microorganisms (see under Physiology, page 324) are known to 
require an external supply of vitamin C. All other animals and plants also 
need vitamin C but are able to synthesize it, that is, ascorbic acid is a 
hormone for all these organisms. Guinea pigs need from 1 to 2 mg. of 
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ascorbic acid daily. The average optimal intake for human beings is 
about 50-100 mg. The fact that infants require vitamin C should be 
especially emphasized, since cow’s milk does not contain sufficient amounts 
and human milk is given usually only over a relatively short period of time 
and its vitamin C content decreases after a few weeks. Infants need 3 to 8 
mg. per kilogram of body weight per day, children about 5 to 7.5 mg., 
adults 0.7 to 1.6 mg., and aged people need about 3 to 5 mg. of ascorbic acid 
per kilogram of body weight per day. Pregnant and nursing women need 
5 to 10 mg. per kilogram of body weight per day. The recommended dkily 
allowances for ascorbic acid as established by the Food and Nutrition 
Board of the National Research Council will be found on page 613. \ 

It is interesting to note the relatively high requirements of this vitan^in 
on the weight basis compared to the daily needs of man and animals for tl^e 
other vitamins. The order of magnitude is about 1000 times the weight 6f 
some of the other vitamins required. (Compare, however, the high re- 
quirements of choline.) A normal diet contains, however, adequate 
amounts of vitamin C. 
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THE GROUP OF VITAMINS 


1. Nomenclature and Survey 

Vitamins D are usually called simply ‘Vitamin D.” The individual 
members of this group have not been properly named as yet. Provi- 
sionally they are called vitamin D2, Da, D4, etc. Vitamin D2 is called 
“calciferor* in England and has been given the name “viosteror* by the 
Council on Pharmacy and Chemistry (United States). 

Historical Names, now abandoned: 

Rachitamin. 

RachitasteroP. 

Antirachitic vitamin. 


Chemical formulas: 

General formula for vitamins D :* 



Vitamin D 2 
(activated ergosterol, 
calciferol, viosterol) : 
R » 


Vitamin D 4 
(activated 22 -dihydro- 
ergosterol) ; R ss 




Vitamin D* 
(activated 7-dehydro- 
cholesterol) : R =» 




Vitamin Ds 
(activated 7-dehydro- 
sitosterol) : R * 



(* Se€ page 34Z for footnote,) 


» See also C. I. Read. H. C. Struck and I. E. Steck. VUamin P. Chicago. 1939. 
* R. L. Jones. Science, 68, 480 (1928). 
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2. Chronology 

1822 Trousseau, in his book on Qinical Medicine, recommended cod liver oil as a 
remedy for the cure of rickets,* and J. Sniadbcki inferred in his book. On the 
Physical Education of Children, the curative effect of sunlight,* but their view- 
points did not become widely known. 

1890 Palic* associated through geographical studies the incidence of rickets with 
deficiency of sunlight. 

1905 Buchholz* apparently cured cases of human rickets with artificial light. 

1906 Hopkins^ suggested that rickets is caused by the absence of an “accessory food- 
stuff.** Funk* (1914) corroborated this concept of the origin of rickets. , 

1913 Raczynski* established the beneficial influence of sunlight on the calcium assimi- 
lation of puppies. 

1919 Mbllanby^* discovered the nutritional importance of animal fats for the 
calcification of bones by raising dogs affected with rickets through spec 
and by curing the animals with animal fats. He concluded that the 
rachitic factor** is cither identical with **fat-soluble A*' (vitamin A) or has w 
natural distribution somewhat similar to fat-soluble A. 

HuLDSCHiNSKY^^ proved on the basis of x-ray studies that severe rickets in 
children can be cured by the light of a mercury vapor quartz lamp. Not until 
this report was published was the importance of sunlight appreciated. 

1920-1921 Sherman and Pappbnhbimer** and McCollum and Simmonds^* succeeded 
in inducing rickets in rats by special diet. 

* The formulas of the vitamins D, as indicated on p. 341, are abbreviated. The com- 
plete chemical formula for vitamin Dg is as follows: 

CH, 




HO~HC C CH CH 


CH, CH| 

> A. Trousseau, Clinical Medicine, Philadelphia, 1882. 

4 W. Mozolowski, Nature, 143, 121 (1930). 

* T. A. Palm, Practitioner, 4S,*271, 321 (1890). 

* B. A. Park, Physia, Rev., 3, 106 (1923). 

’ F. G. Hopkins. Analyst. 31, 385 (1906); J. PhysM., 44, 425 (1912). 

" C. Funk, Die Vitamine, Wiesbaden. 1914. 

* J. Raczynski, Compt. rend, assoc, intern, pediat., 1913, 308. 

» £. Mellanby, J. Physiol., 52, LlII (1919); Lancet, X, 407 (1919). 

n K. Huldschinsky, Dent. med. Woehschr.. 45, 712 (1919); Z. orthop. Chir., 39, 426 (1919-20). 

H. C. Sherman and A. M. Pappenhdmer, Proc. Soc. Exptl. Biol. Med., 18, 193 (1920-21); J. 
Exptl. Med., 34, 189 (1021). 

» B. V. McCollum and N. Simmonds, J. Biol. Chem., 47, 111, 139, 175, 207, 235, 507 (1921). See 



also V. Korenchevsky, Bril. Med. J., 547 C1921); Special Kept. Sci. Med. Research Conned, No. 71 (1922). 
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1921 Hb 88 and Unger'* proved that the earlier observations concerning the curative 
effect of sunlight on patients with rickets were correct. They also reported the 
rickets-preventive effect of sunlight for rats on a rickets-producing diet. 

1922 ZucKBR» Pappbnhbimbr and Barnett recognized that the unsaponifiable frac- 
tion of fish liver oils contained the antirachitic factor.'* 

1922 McCollum and his co-workers'* established experimentally the distinctive 
properties of vitamin A and the antirachitic factor. At the same time Humb'» 
and independently Sheets and Funk'* found that light would not cure the 
effects brought about by an insuffidency of vitamin A. 

Hess and Gutman'* expressed the opinion that the curative effect brought about 
on patients with rickets by either cod liver oil or light was fundamentally the same. 

1924 Stbbnbock and associates** and independently Hess*' found that antirachitic 
potency could be induced in foods by ultraviolet irradiation. 

1925 The work of Hess, Wbinstock and Hblman»** of Stebnbock and Black,** and 
of Rosenheim and Webster** indicated that the sterol fraction of foodstuffs 
could be made antirachitically active by irradiation although it was not active 
in itself. 

McCollum named the antirachitic material * 'vitamin D.** 

1925-1926 ScHLUTZ and Morse** postulated the possibility, and Rosenheim and 
Webster,** Heilbron, Kamm and Morton*^ and Pohl** proved that an im- 
purity present in ordinary cholesterol and phytosterols is responsible for the anti- 
rachitic efficacy after irradiation. 

1927 Pohl,** Windaus and Hess*® and Rosenheim and Webster*' concluded from 
physical, chemical and biological studies that the impurity in sterols, or the 
''provitamin D," is ergosterol, or a sterol of similar constitution, such as a hypo- 
thetical dehydro-cholesterol. Ergosterol had first been isolated by Braconnot 
in 1811 and was rediscovered in 1889 by Tanret.** 

A. F. Hess and L. J. Unger, Proc. Soc. Exptl, BM. Med., 18, 298 (1921). 

T. F. Zucker, A. M. Pappenheimer and M. Barnett, Ibid., 19, 167 (1922). 

M B. V. McCollum, N. Simmonds, P. G. Shipley and E. A. Park, Ibid., 18, 275 (1921); J. Biol, 
Cketn,, SO, 5 (1922). 

» B. M. Hume, Lancet, II, 1318 (1922). 

O. Sheets and C. Funk, Proc. Soc. Exptl. Biol. Med., 20, 80 (1922). 

A. F. Hess and M. G. Gutman, J. Am. Med. Assoc., 78, 29 (1922). 

» H. Steenbock, Science, 60, 224 (1924). H. Steenbock and A. Black, J. Biol. Chem., 61. 405 
(1924). H. Steenbock and M. T. Nelson, Ibid., 62, 209 (1924). 

A. F. Hess, Am. J. Diseases Children, 28, 517 (1924). A. F. Hess and M. Weinstock, J. Biol. 
Chem., 62, 301 (1924). 

u A. F. Hess. M. Weinstock and F. D. Helman, Ibid., 63, 305 (1925). 

» H. Steenbock and A. Black, Ibid., 64, 263 (1925). 

“ O. Rosenheim and T. A. Webster, Lancet. I, 1025 (1925). 

** F. W. Schluts and M. Morse, Am. J. Diseases Children, 30, 199 (1925). 

O. Rosenheim and T. A. Webster, J. Soc. Chem. Ind., 45, 932 (1926); Biochem. J ., 21, 127 (1927). 

" 1. M. Heilbron, B. D. Kamm and R. A. Morton, J. Soc. Chem. Ind., 45, 932 (1926); Biochem. J., 
21, 78 (1927). 

** R. Pohl, Nachr. Ces. Wiss. CbUingen, Math, physik. Klasse, III, 142 (1926). 

*> R. Pohl, Ibid., Ill, 185 (1927). 

» A. Windaus and A. Hess. Ibid., Ill, 175 (1927). A. Windaus, Ibid., Ill, 183 (1926). 

*« O. Rosenheim and T. A. Webster, Lancet, 1, 306 (1927); Biochem. J., 21, 389 (1927). 

*• The name '‘ergosteror* originates from ergot, a black fungus which grows on the ryt plant and 
from which ergosterol was first isolated. C. Tanret, Compt. rend,, 108, 98 (1889); Ann. chim. pkys., 
(VI), 20, 289 (1890); Compt, rend., 147, 75 (1908); Ann. chim. phys., (VIII), 15, 818 (1908). 
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1929-1931 Rbbrink and van Wijk** isolated for the first time a crystallized vita- 
min D preparation made from activated ergosterol. Linsbrt’^ isolated the pure 
compound. 

1930 Mussbhl and Ackerson^ and independently Massbngalb and Nussmeier** 
showed that vitamin D obtained from ergosterol was not active for chicks when 
fed on the basis of Rat Units in amounts equal to those effective for chicks from 
cod liver oil. 

1933 WiNOAUS and Langbr*^ prepared a new synthetic provitamin D, 22-dihydro- 
ergosterol, from ergosterol. 

1934 Bills, Massbngalb and Imboden" showed that the vitamin D of fish oils is not 

a single substance since tuna liver oil was less antirachitic than cod liveil oil. 
Rat Unit for Rat Unit, in chickens. I 

Waddell*® found that crude cholesterol after activation yielded a vitamin D 
which is as effective for chicks as cod liver oil, fed in equivalent Rat Units. Tims, 
the provitamin present in cholesterol must be different from ergosterol. \ 

1935 WiNDAUS, Lettr 6 and Schenck*® synthesized the hypothetical natural provii^- 
min D, 7-dehydro-cholesterol, from cholesterol. 

1936 Boer, Rberink, van Wijk and van Nibkbrk** and later (1937) also Windaus 
and Bock** isolated 7-dehydro-cholesterol from cholesterol (obtained from hog 
skin). Brockmann,** Simons and Zucker** and Haslewood and Drummond** 
isolated the vitamin D from tuna and from halibut liver oils in the form of 
crystallized esters and proved that the vitamin itself is mainly or entirely acti- 
vated 7-dehydro-cholesterol (vitamin Da). 

1937 Schenck** obtained crystallized vitamin Da prepared by activation of 7-dehydro- 
cholesterol. 

1938 Bills, Massbngalb, Hickman and Gray*^ isolated a new vitamin D of low 
biological activity by molecular distillation of cod liver oil. 

THE CONCEPT OF PROVITAMINS D AND OF VITAMINS D 

Compounds of the physiological efficacy of vitamins D occur only in 
the animal organism. Plants contain materials which can, be converted 

» E. H. Reerink and A. van Wijk, Bioehem. 7., 23, 1294 (1929); 25. 1001 (1931). 

** O. Linsert, Annotation in Ann., 489, 269 (1931). A. Windaus, O. Linsert, A. Liittringhaus and 

G. Weidlieh. Ibid., 492, 226 (1932). 

** F. E. Mussehl and C. W. Ackerson, Poultry Sci., 9, 334 (1930). 

** O. N. Massengaie and M. Nussmeier, 7. Biol. Chem., 87, 423 (1930). 

^ A. Windaus and R. Langer, Ann., 508, 105 (1933). 

** C. E. Bills, O. N. Massengaie and M. Imboden, Science, 80, 596 (1934). 

» J. Waddell, 7. Biol. Chem., 105, 711 (1934). 

« A. Windaus, H. Lettr4 and F. Schenck, Ann., 520, 98 (1935). 

A. G. Boer, E. H. Reerink, A. van Wijk and J. van Niekerk, Proe. Acad. Sci. Amsterdam, 39, 

622 (1936). 

** A. Windaus and F. Bock. Z. physiol. Chem., 245, 168 (1937). 

«*H. Brockmann, Ibid., 241, 104 (1936); Ibid., 245, 96 (1937). H. Brockmann and A. Busse, 

Ibid., 249, 176 (1937). 

E. J. H. Simons and T. F. Zucker, 7. Am. Chem. Soc., 58, 265 (1936). 

M G. A. D. Haslewood and J. C. Drummond, 7. Soc. Chem. Ind., 55, 598 (1936). 

^ F. Schenck, Naturwissenschaften, 25, 159 (1937). 

« C. S. Bills. O. N. Massengaie, K. C. D. Hickman and £. L. Gray, 7. Biol. Chem., 126, 241 (1938). 
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into vitamins D. These are called “provitamins D.“ There occur in 
nature a number of provitamins D and of vitamins D. The vitamins D 
differ in their antirachitic effectiveness in various animals. The numbei 
of known naturally occurring provitamins D and vitamins D is small: 
the provitamins ergosterol and 7-dehydro-cholesterol and the correspond- 
ing vitamins, namely, vitamin Dj, which is also known as “activated 
ergosterol,” viosterol, or calciferol, and vitamin D^ which is activated 7- 
dehydro-cholesterol. Two additional provitamins D have been claimed 
patentwise to occur in invertebrata, but very little is known about them. 
A number of other provitamins D and vitamins D have been prepared in 
the laboratory, and it is suspected that some of these compounds may also 
occur in nature. Furthermore, the existence of two more naturally 
occurring vitamins D is indicated on the basis of their outstanding physio- 
logical properties. 


PROVITAMINS D 

A provitamin D is defined as a compound that can be activated to a 
vitamin D. Provitamins D are compounds of the cyclo-pentano-perhydro- 
phenanthrene skeleton and belong to the sterol family. They are specifi- 
cally characterized by a hydroxyl group in the 3-position and a system 
of conjugated double bonds in ring B of the steroid nucleus, namely, in 
the 5,6- and 7,8-positions. Provitamins D cannot be defined physio- 
logically but it is suspected that it will be shown eventually that those 
steroids of the above classification which after activation are potent 
vitamins D for a specific species are absorbed in the intestinal tract of an 
animal of that species. 

According to this definition, several compounds have been tentatively 
classified as provitamins D. They will be discussed in the following 
sections. A number of other compounds, which fulfill only partly the 
definition of provitamins as given above, are discussed under “Specificity 
of Vitamin D” (page 406). 


3. Occurrence 

Provitamins D are widely distributed over the animal and plant king- 
dom. While it is impossible to make definite statements as to what pro- 
vitamin D t)ccurs in various specific natural sources, certain generalizations 
can be made. It appears that the most prevalent provitamin D in higher 
animals and in human beings is 7-dehydro-cholesterol- Plants, molds and 
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yeast contain predominantly ergosterol.^ Considerable uncertainty exists 
about the kind of provitamins D in lower animals. Thus, ergosterol oc- 
curs in the snail Arion empiricorium and in the earthworm, and 7-dehydro- 
cholesterol in the snail Buccinum undatum,*^ Mussels*^ are said to contain 
a different provitamin D and the same has been claimed for periwinkles.^^ 
The provitamin D content in different sources varies considerably. 
Thus, in higher animals, the provitamin D content is the greatest in the 
skin, namely, about 4% of the total sterol content, whereas the sterols 
from the inner organs contain only from 0.1 to 0.5% provitamin D. (This 
is due to the activation mechanism of provitamins D to vitamins as 
will be explained later.) The best sources of ergosterol are yeast and 
certain molds, some of which contain this provitamin as practically tne 
only sterol. The highest concentration of 7-dehydro-cholesterol has beeSp 
found in a species of snails {Buccinum undatum) and is 27% of the total 
sterol fraction. The following tables indicate, as far as is known, the 
content of ergosterol and of 7-dehydro-cholesterol in the sterol fraction of 
various sources. Since in most naturally occurring materials the type of 
provitamin is not known, another table shows the general provitamin D 
content in sterols from various materials. 

Table I 


Ergosterol Content op Various Materials 


Source 

Provitamin D 
in sterols, % 

Dried yeast 

90-100 

Snail, Arion empiricorium 

19-26 

Earthworm 

22 

Cottonseed oil 

5 

Scopolia root 

1.4 


Table II 


7-Dbhydro-cholbstbrol Content op Various Materials 



Provitamin D 

Source 

in sterols, % 

Pigskin 

3-6 

Snail, Buccinum undatum 

17-27 


« C. Tftnrct, Compt. rtnd„ 108, 9S (1889); Ann, chim. phys., (VI), 20, 289 (1890); Compt. r§nd,, 147, 
75 (1908); Ann. chim. pkys. (VIll), 15, 313 (1908). 

• A. Windaus, Nackr, Gts, Wiss, CMiingenf Math, pkysik, Klasse, XII, 186 (1936). F. Bock and P. 
Wetter, Z. physiol, Chsm., 256, 33 (1938). 

M A. G. Boer, J. van Niekerk, B. H. Reerink and A. van Wijk, U. S. P. 2,163.669. 

M A. O. Boer, J. van Niekeik, B. H. Reerink and A. van WMk, U. S. P. 2,216,719. 
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Table III 


Provitamin D Content of Various Materials 


Source 

Provitamin D 
in sterols, % 

Vertebrata 


Skin from man 

0.1M).43 

cattle { 

0.18 

calf 

0.68 

mice 

0.87 

chicken feet*^* 

1. 0-4.0 

chicken trunk®^* 

O.OOl-O.Ol 

Blood serum (cow) 

0.15 

Brain (cow) 

0.01 

Lung (calf) 

0.025 

Heart (calf) 

0.032 

Spleen (cow) 

0.045 

Placenta (cow) 

0.18 

Pancreas (cattle) 

0.18 

Invertebrata 


Lugworm {Arenicola marina) 

4-12 

Mussels {MytUus edulis) 

9-10 

Oysters 

6-0 

Leech 

4 

Crabs {Cancer pagurus) 

0.32 

Sea anemones 

2-10 

Plants 


Cocksfoot grass 

0.80 

Rye grass 

1.5 

Wheat germ oil 

0.8 

Seaweed 

0.008 

Cabbage 

0.05 

Spinach 

1.0 

String beans 

0.1 


4. Isolation 

The isolation of provitamins D from natural sources involves two differ- 
ent steps, namely, the isolation of the total sterols and the separation of 
the provitamins from other sterols present. The isolation of the total 
sterols is usually a simple process and consists in either first eictractmg 

*** R. R. Rowaberg, aspabUihad daU. 
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the total fat, followed by saponification of the fatty material and isolation 
of the unsaponifiable fraction, or in saponifying directly the total material 
followed by isolation of the non-saponifiable fraction. The isolation of 
the sterols from the non-saponifiable fraction is usually carried out by 
crystallization from a suitable solvent, such as alcohol. Special methods 
have been recommended for special cases. For example, after saponifica- 
tion, the fatty acids may be precipitated as calcium salts which adsorb the 
sterols. These are then recovered by solvent extraction from the filtered 
precipitate. Another modification has been used in those cases where the 
total amount of fatty acids is very low. Sodium benzoate is added to the 
saponification mass and the entire mixture is acidified. Benzoic! acid 
precipitates and adsorbs the sterols present which can then easily be iso- 
lated by alkaline extraction of the benzoic acid. \ 

The separation of the provitamins from other sterols is usually a diffi- 
cult problem and success depends largely upon the type and amount of 
provitamin D present. Thus no method has been found by which \he 
provitamin D present in cholesterol from the spinal cord of cattle can be 
isolated satisfactorily, since the provitamin D content is only 0.1%. Better 
chances for a successful isolation exist when the provitamin D is present 
in a concentration of at least 4-5% or more. The usual method is frac- 
tional adsorption of the sterols or of their esters, for example, on aluminum 
oxide, which in many cases permits an almost quantitative separation. 
If these methods fail, a condensation product with maleic or citraconic 
acid anhydride may be formed which can be split by thermal decomposi- 
tion into the provitamin D and the acid anhydride. 


5. Properties 

The following provitamins D are known: 


(1) Ergosterol: Ergosterol crystallizes in small colorless crystals with water of 



crystallization. The melting point varies according to 
the degree of hydration. The best crystallized prepara- 
tion contains IV* mols of water and melts at 168® C.** 
Complete dehydration is very difficult to achieve and 
results in a product with a melting range from 166 to 
183® C. Ergosterol distills in high vacuum at 250® C. 
without decomposition. [afS “ —130® ( — 135®) and 
[allSei ** —171® (in chloroform). 


(2) £pi-ergo8terol: Physical constants unknown. 


» C. B. Bills and E. M. Honeywell, J, Biol. Chom., 80, 15 (1028). 



properties 

( 3 ) r-DehydnndiolerteroI: M. p. 150 -I 6 i» c.*» [ajao 
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113.6° in chloroform. 



(4) Kpi-7-dehydro-chole8teroI:“ M.p 124-I2fi''r' 

(5) 22-Da.ydr<He**orterol:» M. p. 4-^3 " c. 


lofS = 


70.6° in chloroform. 
— 109° in chloroform. 



C [«] 


|20 


C. 


-118° in IxLenr^ ConsUtuUon unknown. M. p. 150-151 

(8) “Periwinkle 

[«)’»“ - -124° in benzene. unknown. M. p. 137-137.6° 

( 9 ) 7 -Dehydro- 8 ito 8 terol: M. p. 144—145“ c r isc 

(10) 7 *I>ehydro-etismaeterol: M. p. 154“ c raI*® *’-~-rn 

i«jD ~ 110,10 in benzene. 

hyd^c^w, chiorta...d 

(or 4.U d at S? K - about 30 X lO- 

mlt =• «• - Wijk «d ,. v„ Nickerk. 1V«. 4d,4. 5c.-. A.sUr^„. 3 ,. ,33 

M A *“** 542 , 204 ( 1939 ). 

" 1: SaJiTfisr* ‘j f “r* ta... ». It 
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Fig. 15. — ^Absorption spectrum of ergosterol in ethanol and isooctane. (T. R. 
Hogness, A. £. Sidwell and F. P. Zscheile.) 


6« Chemical Constitution 
(a) Ergosterol 

Ergosterol (I) has the empirical formula C2SH44O,” which was estab- 
lished by careful analysis of derivatives containing hetero atoms, such as 
the 3,5-dinitro-benzoate, halogeno-nitro-benzoates, etc. The oxygen is 
present in a hydroxyl group, since esters can be obtained with acid an- 
hydrides or acid chlorides in the presence of an amine. Ergosterol con- 
tains three double bonds, since upon catalytic hydrogenation six atoms of 
hydrogen are absorbed.^ The totally satmated compound is called ergos- 
tanol (II) and has the formula CsgHsoO. It follows that four ring systems 
are present. From ergostanol the corresponding hydrocarbon ergostane 
(IV) can be obtained by conversion into ergostanyl-chloride (III) followed 
by reduction with sodium and amyl alcohol.*^ Ergostane, upon oxidation 
with chromic acid, yields a mono-carboxylic acid, CjaHigQ*,** which is 
identical with the nor-allo-cholanic acid (V) obtained from cholesterol 

M A. Wiadftut and A. Lfittringbaua. Nackr, C$s, Wiss, GMing^n, Muih, pkyrik, Klasu, 111, 4 (10t2). 
A. Windaua. F. v. Warder and B. Gachaider. Bar.. dS, 1006 (1932). 

• A Windaua and O. Unaert. Ann., 465, 154 (1928). 

M F. Rcindel and B. Walter. Ibid., 460, 222 (1928). 

•• C. R. Chnang, JbkL, 500, 270 (1988). 
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s rt, 1 T- 

I^ntancvperhydro-phenantlirene skeleton. Furthermore it folloL*^th‘!^ 
the stenc configuration of cholestane and that of ergostane are the same. 









That ergosterol belongs to the sterols has furthermore been demon- 
ated smce it yields, upon total dehydrogenation with si>l«.niiitn 
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7 -methyl-cyclo-penteno-phenanthrene,®® which is the typical dehydrogena- 
tion product of all sterols. No other class of compounds yields this par- 
ticular hydrocarbon upon dehydrogenation. 




7 -MethyI-cyclo-penten<^- 
phcnanthrene j 


The position of the hydroxyl group in the ring system was shown ^o be 
at carbon atom 3,®^ since acetylated ergostanol (VIII) yielded upon ch^mic 
acid oxidation, 3-acetoxy-nor-allo-cholanic acid (IX) which was alsd^ ob- 
tained from dihydro-cholesterol-acetate (X). This result also proves 
that the steric configuration of the hydroxyl group is of the j3-type which 
was suspected since ergosterol can be precipitated with digitonin. 



CrOi 


Ergostanol-acetate 



3-Acetoxy-nor-allo-cholanic acid 


CrOi 



« O. Diels and A. Karstens, Ann., 478, 129 (1930). 

M E. Fernholz and P. N. Chakravorty, Ber., 67, 2021 (1934). 
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The chromic acid oxidations indicate, furthermore, that the basic struc- 
ture of the ring system and of the first five carbon atoms of the side 
is identical in both cholesterol and ergosterol. Since ergosterol contains 
one carbon atom more than cholesterol, this must be located in that part 
of the side chain which is removed during the oxidation. This can be 
proved, since by energetic oxidation of ergostanol a ketone containing nine 
carbons (C 9 HigO) is obtained,** whereas cholestanol under the same condi- 
tions yields a ketone of only eight carbon atoms. 





r 


/\/ 


Cholestanol 


A 


CrOi 


CHj 

1 

C 

/\ 

O CHa 

I 


/CHa 

CH, 


HC< 

I \r 


CH 

/X 

CH3 CH3 


CH, 

I 

C 

/\ 

O CHa 

I 

CH, 

/ 

CH. 

iH 

Clb^CH, 


Ergosterol upon ozonization yields methyl-isopropyl-acetaldehyde*®* 

(XI) , which was identified by the formation of its semicarbazone and di- 
nitro-phenyl-hydrazone und by oxidation to methyl-isopropyl-acetic acid 

(XII) . This result indicates that a double bond is in the side chain be- 
tween carbon atoms 22 and 23. 

A. Guiterasg Ann., 494 , 116 (1932). 

« F. Rdndel and H. Ktpphan. fbid., 493, 181 (1932). 

" A. Guiterasg Ibid., 494, 116 (1932). 
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yCHO 

ycoon 

CH< 

HC< 

1 Vh, 

o, 1 ^CH, 

CH 

► CH 


/\ 

CHa CHa 

CHa CHa 

(XI) 

(XII) 

Methyl-isopropyl- 

Methyl-isopropyl- 

acelaldchyde 

acetic acid 


Another double bond is present in the 5,6-position, which is the position 
of the double linkage in cholesterol. This has been proved by the following 
series of reactions:®* Ergosterol (I) upon addition of perbenzoic i^id to 
one of its double bonds yields an ergostadiene-triol-monobenzoate (II)** 
which contains one free secondary and one free tertiary hydroxyl group 
since only one of these can be readily esterified. By saponification of 
this product, followed by acetylation, an ergostadiene-triol-diacetate (IV) 
is thus formed. The diacetate upon catalytic hydrogenation takes up 
only one mol of hydrogen (forming V), and leaving one other double bond 
in the molecule. This is rearranged by the action of hydrochloric acid. 
The newly formed compound (VI) takes up hydrogen easily,^® yielding the 
totally hydrogenated ergostane-triol-diacetate (VII), which upon saponi- 
fication gives the free ergostane-triol (VIII). Two of the hydroxyl groups 
in this compound are in a,i3-position to each other since upon oxidation 
with lead tetra-acetate according to Crieg^e one atom of oxygen is con- 
sumed. By chromic acid oxidation of the triol, a hydroxy-diketone (IX) 
is formed which splits out water by the action of hydrochloric acid. The 
unsaturated diketone, ergostene-dione (X), can be transformed into a 
saturated dikctone, ergostadione (XI), by means of zinc and acetic acid. 
Hydrazine condenses readily with the diketone with the formation of a 
pyridazine derivative (XII). The hydroxyl group originally present in 
ergosterol is in 3-position and therefore one of the keto-groups in ergo- 
stadione is in 3-position. Since the other keto-group according to its 
reactions must be three carbon atoms removed from the keto-group at 
carbon atom 3, it can only be located at carbon atom 6. The diketone 
is, therefore, ergostadione-3,6. It follows, furthermore, that the tertiary 
hydroxyl group in the ergostane-triol is in 5-position, the triol thus having 
the constitution of a 3,5,6-triol. 

« A. Wiodaus, H. H. Inhoffen and S. v. R^ichel. Ann., 510, 248 (1934). 

•• A. Windaus and A. LUttringbauB, Ibid., 481, 127 (1930). 

M I. M. Hetlbron, A. L. Morrison and J. C. E. Simpson, J. Chem. Soc„ 1933, 302. 
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Ergostadiene-triol Ergostadiene-triol-diacetate 



(V) fVT) 

£rgostene>triol-diacetate A Ergostene-lriol-diacetate B 



(Vr) (VIII) , 

£rgostane*triol-diacetate Ergostane-tnol 


{JPormida continued on following page.) 
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(XI) (XII) 

Ergostadione 


The position of the third double bond is established by the refractive 
index, by x-ray measurements,^* and by the ultraviolet absorption spec- 
trum, all of which exhibit characteristics of a system of two conjugated 
double bonds. The last double linkage cannot be located in the side 
chain, due to the degradation reactions discussed above, but must be in 
conjugation to the double bond in the 5,6-position. Thus the only possible 
position is the 7,8-position. The conjugation of the double bonds is 
furthermore suspected by the fact that ergosterol can be reduced with 
sodium and amyl-alcohoE® and by the fact that ergosterol forms a charac- 
teristic addition product with maleic anhydride^^ from which ergosterol can 
be recovered by thermal decomposition.^® Since it is known that one ring 
double bond is in the 5,6-position, this maleic anhydride condensation is 
only possible when the other double bond, conjugated with the one in the 
5,6-position, is located in the same ring in which the first double bond is 
located. Further proof is indicated by nitric acid oxidation of ergosterol, 
which yields toluene-2, 3, 4, 5-tetracarboxylic acid."^® While the value of 
this reaction by itself is limited since a migration of a methyl group is 

K. V. Auwers and £. Wolter, Nachr. Ges. Wiss, C6Uingen, Math, physik. Klasse, III, 101 (1931). 

G. E. R. Schulze, Z. physik. Chem., A171, 436 (1934). 

A. Windaus and J. Brunken, Ann., 4(M>, 225 (1928). 

A. Windaus and A. Liittringhaus. Ber., 64, 850 (1931). 
n H. H. Inhoffen. Ann., 508, 81 (1933). 

n P. Reindel and K. NiederUnder, Ibid., 482, 264 (1930). H. H. Inhoffen, Ibid., 494, 122 (1932). 
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involved, the result is corroborated by another series of reactions. Ergos- 
terol is dehydrogenated by eosin in the absence of oxygen when exposed 
to visible light with the formation of a bimolecular compound, in which 
two molecules are linked together through the 7,7'-position with a shift 
of the 7,8-double bond into the 8,9-position’'* (II). Upon thermal de- 
composition of this compound methane is evolved^® and neoergosterol 
(III) is formed,^’'* which contains an aromatic ring as indicated by the 
absorption spectrum and by the fact that only one double bond can be 
detected by perbenzoic acid or by catalytic hydrogenation. That this 
double bond is in the side chain is proved by ozonization of neoergosterol 
which yields methyl-isopropyl-acetaldehyde.*’ The reaction of nitric 
acid on neoergosterol yields mellophanic acid (benzene-1, 2,3, 4-tetracar- 
boxylic acid (IV)) which differs from the nitric acid oxidation product of 
ergosterol by the absence of a methyl group. While these results can be 
explained only by the assumption that ring B is aromatic, further proof 
has been brought forward. The hydroxyl group of neoergosterol is ali- 
cyelic in character, not phenolic, thus excluding the possibility that ring A 
has become aromatic. On the other hand, upon catalytic dehydrogena- 
tion with platinum a jS-naphthol derivative, dehydro-neoergosterol (V), is 

A. Windaus and P. Borgeaud, Ana., 460, 235 (1928). 

H. H. InhofTen, Naiurwissenschaften, 25, 125 (1937) 

» H. H. Zohoffen, Ann., 497, 130 (1932). 

K. Boasted. Z. physiol. Chem., 185, 165 (1929). 

» H. H. lohoffeu, Ann., 497, 130 (1932). 
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obtained.®® This result excludes the possibility that ring C in neoergosterol 
is aromatic in character. 



(HI) 

Neoergosterol 




» H Honiffmann. Ann., 511, 292 (1934). 
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Ergosterol is a very sensitive compound. Acids cause rearrangements of 
the double bonds, oxygen brings about the formation of peroxides and 
hydrogen causes the formation of a number of different di- and polyhydro 
compounds. 


(ft) The Other Provitamins D 

The proof for the chemical constitution of the other provitamins D is 
mainly based upon the determination of the characteristic absorption 
spectrum which is common to all provitamins D since they all have the 
same system of conjugated double bonds in ring B. The constitution of 
the provitamins 7-dehydro-cholesterol and 22-dihydro-ergosterol is further- 
more established since these compounds have been obtained by synthetic 
methods from cholesterol and from ergosterol, respectively. The con- 
stitution of the epi-compounds, namely, of epi-ergosterol and of epi-7- 
dehydro-cholesterol is established since these provitamins do not pre- 
cipitate with digitonin whereas the parent provitamins, ergosterol and 7- 
dehydro-cholesterol, form addition compounds with digitonin. This 
reaction in combination with their absorption spectrum and the method of 
tynthesis of the epi-compounds proves that they differ from their parent 
provitamins D only in the stereochemical configuration of the hydroxyl 
group in 3-position. This position of the 3-hydroxyl group must be re- 
lated to some other group in the sterol ring system. Ruzicka chose the 
relationship between the substituents on Ca and on Ca as reference for the 
cis-transAsomerism of the 3-hydroxyl group. Since the provitamins D 
have no hydrogen at Ca, this system applies by implication. Ergosterol, 
7-dehydro-cholesteroU, etc., belong according to this nomenclature to the 
irnnjr-derivatives, whereas the compounds of the epi- family, which do 
not precipitate with digitonin, belong to the cw-derivatives. Another 
system of nomenclature suggested by Schoenheimer uses the relation of 
the hydroxyl group in 3-position to the methyl group on carbon atom 10. 
According to this system ergosterol and 7-dehydro-cholesterol belong to the 
cw-Cs-Cio compounds and the epi-derivatives belong to the /ran^-Cs-Cio 
compounds. 

The constitution of the “mussel provitamin and of the “periwinkle 
provitamin D“ are unknown. It has tentatively been assumed that the 
“mussel provitamin D“ has 29 carbon atoms,®* that is, it has one carbon 
atom more than ergosterol or two carbon atoms more than 7-dehydro- 
cholesteroL 

•• A. O. Boer, J. van Niekerk, E. H. Reerink and A. van Wijjk, U. S. P. 2463,659. 
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7* Synthesis 

No provitamin D has been obtained by total synthesis. By partial 
synthesis, that is, by chemical conversion of sterols into provitamins D, 
the following provitamins D have been prepared: 7-dehydro-cholesterol 
and epi-7-dehydro-cholesterol, epi-ergosterol, 22-dihydro-ergosterol, 22,23- 
oxido-ergosterol, 7-dehydro-sitosterol and 7-dehydro-stigmasterol. The 
methods used will be discussed in detail in the following paragraphs. 

(a) The Synthesis of 7 -Dehydro-cholesterol 

i 

The classical synthesis of 7-dehydro-cholesterol from cholesterol ijias 
been accomplished by Windaus and his co-workers.®^ Cholesterol-acetate 
(11) is oxidized with chromic acid to 7-oxo-cholesterol-acetate (III). Tne 
latter upon reduction with aluminum-isopropoxide yields 7-hydroxy- 
cholesterol (IV) since the acetyl group undergoes an ester-interchange re- 
action with the isopropanol used as solvent. The 7-hydroxy-compound 
is benzoylated and the dibenzoate (V) is thermally decomposed into 7- 
dehydro-cholesterol-benzoate (VI) and benzoic acid. The former, upon 
saponification, yields 7-dehydro-cholesterol (VII). 

This series of reactions takes a diflferent course, when instead of the 
acetate of cholesterol the benzoate is used.®® Upon reduction of the 7-oxo- 
cholesterol-benzoate, obtained by chromic acid oxidation of cholesterol- 
benzoate, the 3-mono-benzoate of 7-hydroxy-cholesterol is formed. (The 
latter can also be obtained by monobenzoylation of 7-hydroxy-choles- 
terol.®®) 

The 7-hydroxy-cholesteroI compound obtained by reduction of the 7- 
oxo-derivative represents one of the two possible geometrical isomers. 
The other isomer has been obtained by direct oxidation of the mono- 
cholesterol-ester of phthalic acid by means of permanganate, and has been 
called )S-7-hydroxy-choIesterol.®^ The a-form has also been obtained from 
ox®® and from hog®® livers, and the jS-form from the serum of pregnant 
mares.®® Whether or not these 7-hydroxy-compounds are normal body 
constituents is unknown. They may be artefacts since cholesterol is 
easily oxidized to these 7-hydroxy-derivatives by molecular oxygen.®^ 

** A. Windaus, H. Lcttr6 and P. Schenck, Ann., 520, 98 (1935). 

M H. R. Rosenberg and J. M. Tinker, U. S. P. 2,215.727 and B. P. 537,030. 

M H. J. Bckhardt, Ber., 71, 461 (1938). 

” T. Barr, 1. M. Heilbron, E. G. Parry and F. S. Spring, J. Chem. Soc., 1936, 1437. 

G. A. D. Haslewood, Biochem, J., 33, 709 (1939). 

«• H. B. MacPhillamy, J. Am. Chtm. Soc., 62, 3518 (1940). 

* O. Wintersteiner and J. R. Ritzmann, J, Biol, Chem.^ 136, 697 (1940). 

O. Wintersteintf and S. BcrgstrOm, Ibid., 137, 785 (1941). 
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Either of the two isomers can be converted into 7-dehydro-cholesterol. 
The method used for this reaction originally was the thermal decomposi- 
tion of the dibenzoate, but this has been considerably improved by utili- 
zation of amines.** As a by-product in this reaction, the benzoate of 




(VI) (VII) 


isodehydro-cholesterol is obtained.** The latter compound can be sepa- 
rated from 7-dehydro-cholesterol by fractional crystallization of their 

H. R. Rosenberg. U. S. P. 2.309.934. B. P. 337.036. G. A. D. Haslewood. J, Chem, Soe. 1938 , 

224 . 

*> A. Windaus. O. Linsert and H. J. Eckhardt. Ann., 534, 22 (1938). 
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benzoates*^ or of substituted benzoates.** Isodehydro-cholesterol has the 
probable formula (VIII),** that is, it differs from 7-dehydro-cholesterol only 
in the position of the double bonds, which are believed to be in the 6,7- 
and 8,9-positions. 



Isodehydro-cholesterol 


Besides this clear-cut synthesis a number of other methods have b^en 
found to yield 7-dehydro-cholesterol in small amounts. Thus by dir^t 
oxidation of cholesterol under mild conditions,** for example, with pell*- 
oxides, a provitamin D is obtained which is probably 7-dehydro-cholesterol. 
Somewhat higher yields are apparently obtained by the utilization of 
quinones as dehydrogenating agents.*^* ** Also methylene blue in the 
presence of light, and succino-dehydrogenase have been claimed to convert 
cholesterol into provitamin D.** 

A number of other provitamins D are claimed to have been obtained 
from cholesterol or its derivatives. The following methods used for their 
preparation indicate that the provitamins obtained may ultimately prove 
to be 7-dehydro-cholesterol, although some investigators believe them 
to be new and different provitamins D.*** 

(а) Cholesterol, upon heating, is converted in very small amounts 
into a provitamin 

(б) Cholesterol, freed essentially from its naturally adherent pro- 
vitamin D content and subjected to ultraviolet light, yields a vitamin D.“* 


** A. G. Boer, B. H. Reerink, A. van Wijk and J. van Niekerk, Proc. Acad, Set. Amsterdam, 39, 622 
(1986). 

» A. Windaus, O. Linsert and H. J. Eckhardt, Ann,, 534, 22 (1938). 

M J. Waddell, V, S. P. 2,028,364, U. S. P. 2,056,992. 

» N. A. Milas and R. Heggie, J. Am. Chem. Soe., 60, 984 (1938). 

P. P. T. Sah, Ree. trav. chim., 59, 454 (1940). 

•k-N. A. Milas and R. Heggie. J, Am. Chem. Soc., 60, 984 (1938). 

C. B. 'Bills, Cold Spring Harbor Symposia Quant. Bid., 3, 328 (1935). 

»> B. M. Koch and F. C. Koch, Science, 82, 394 (1935); J. Biol, Chem., 116, 756 (1936). M. L. 
Hathaway and D. B. Lobb, Ibid., 113 , 105 (1936). R. W. Hamann and H. Steenbock, Ibid., 114 , 506 
(1936). 

M c. B. Bills, J. Bid, Chem., 66, 451 (1925). A. Jendrussik and A. G. Kem6nyffi. Biochewr, Z., 109 , 
180 (1927). S. K. Kon, F. Daniels and H. Steenbock, J. Am. Chem. Soc., 50 , 2573 (1928). F. C. 
Koch. B. M. Koch and J. K. Ragins, J. Bid. Chem,, 85 , 141 (1929). B. M. Koch and H. B. Lemon, 
Ibid., 85 , 159 (1929). 
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This vitamin D is alleged to be different from that obtained from 7-dehydro- 
cholesterol since it was found to be less effective for chides. 

(c) 7-Hydroxy-cholesterol upon irradiation devdops a slight anti- 
rachitic potency.*®* The work does not indicate whether or not pure 7- 
hydroxy-cholesterol was emplc^ed. There exists the posdbility that 7- 
hydroxy-cholesterol can lose one mol of water to form 7-dehydro-cholesterol. 

(d) 7-Oxo-cholesterol-acetate upon Grignard reaction with isobutyl- 
magnesium-bromide followed by heating to 200° C. is said*®* to produce 
small amounts of a new provitamin D. While this statement has not been 
|HOved, it appears possible that the Grignard compound led to a partial 
reduction to a 7'hydroxy-cholesterol compound. Such reductions have 
been observed to occur in sterols.*®* 7-Hydroxy-cholesterol may then upon 
heating be transformed partially into 7-dehydro-cholesterol. 

(ft) The Synthesis of Epi-7-dehydro-cholesterol 

The s3mthesis of epi-7-dehydro-diolesterol has been carried out (1) by 
using epi-cholesterol as starting material*®* and employing the methods 
outlined for the synthesis of 7-dehydro-cholesterol and (2) by epimeriza- 
tion of the 3-hydroxyl group of 7-dehydro-cholesterol.*®* The latter com- 
pound upon oxidation with aluminum-fsr/-butyroxide yields a dehydro- 
cholestenone which upon reduction with aluminum-isopropoxide is con- 
verted into epi-7-dehydro-cholesterol in a yield of 1.25%. 

(c) The Synthesis of Epi-ergosterol 

Epi-ergosterol has b^n obtained in about 1.3% yield by reduction of 
ergosterone with aluminum-isopropoxide, but has not been isolated in a 
high state of purity.*®® 

(d) The Synthesis of 22-Dihydro-ergosterol 

22-Dihydro-ergosterol has been obtained by side chain hydrogenation 
of ergosterol.*®® This is carried out by acetylating ergosterol, followed by 
formation of an addition product of maleic anhydride with ergosterol 

C. £. Balls* Cold Sfiring Harbor Symposia Omani, Biol,^ Js 328 (1935). 

8. Weinbouse and M. S. Khanuch, J. Org, Ckom., 1, 490 (1936). 

^ L. Ruticka and H. R. Rosenberg* Htlv, Chim, AetOt 19* 357 (1936). 

A. WindauB and J. NaggaU* Ann,, 543, 204 (1939). 

A. Windaus and O. Kaufmann. Ibid., 942s 318 (1939). 

m A. Windaus and K. Buchhola, Bor., 7U 676 (1988); 72» 697 (1939). 

w A. Windaus and R. Langer, Ann., 808^ 106 (1988). 
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acetate (II). This, upon catalytic hydrogenation, is selectively reduced 
in the side chain (III). By thermal decomposition, 22-dihydro-ergosterol- 
acetate (IV) is obtained. This jrields 22-dihydro-ergosterol upon saponi- 
fication. 



(IV) 


(«) Synthesis of 22-23-Oxido-ergosterol 

22-23-Oxido-ergosterol has been mentioned in the literature but the 
method of synthesis has not been reported as yet. Probably the maleic 
anhydride addition product of an ergosterol ester is treated with a mild 
oxidizing agent to form the 22-23-oxido-compound, which upon thermal 
decomposition yields the 22-23-oxido-ergosterol-ester. 

A. Windaus, IJmal and K. Bucbholz, quoted by K. Dimroth and J. Paland, Ber., 72 , 187 (1930). 
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(/) Synthesis of T-Dehydro-sUosterol 

The S 3 mthesis of 7-dehydro-sitosterol has been carried out“' according 
to the Windaus method for the synthesis of 7-dehydro-cholesterol. As 
starting material, the sitosterol mixtme from soybean oil was used. This 
contains various isomers which are extremely difficult to separate. 

(g) Synthesis of 7-Dehydro-stigmasterol 

7-Dehydro-stigmasterol has been synthesized^^* from stigmasterol ac- 
cording to the previously outlined method for the synthesis of 7-dehydro- 
cholesterol from cholesterol. 

8. Industrial Methods of Preparation 

The industrial preparation of the provitamins ergosterol and 7-dehydro- 
cholesterol is of technical importance. The provitamin D from certain 
marine animals is also used commercially. Ergosterol is manufactured 
mainly by extraction from yeast and to a small extent also from the 
mycelium of aspergillus niger. Commercial ergosterol contains as much 
as 5% of a-dihydro-ergosterol,^'* which accompanies ergosterol in fungi 
and which has about the same solubility characteristics as ergosterol. 
Extensive investigations on the ergosterol content of yeast revealed that 
the yields are more dependent upon the conditions under which the yeast 
is grown than upon the strain of yeast. 

7-Dehydro-cholesterol is synthesized from cholesterol according to the 
methods described previously. 

s. 

9. Biogenesis 

Little is known about the biogenesis of the provitamins D. Ergosterol 
is synthesized by yeast and by a number of fungi and other lower organisms. 
This synthesis is apparently more closely rdated to the metabolism of 
carbohydrates than to that of fats.^'^ On the other hand, aspergillus 
niger can S3mthesize ergosterol when sodium acetate is the sole source of 
carbon.'^®* ,No connection could be demonstrated between sterol 

W. Wunderlich. Z. physiol. Ckem., 241, 116 (1936). 

» O. Linsert, Ibid., 241, 125 (1936). ^ 

» R. K. Callow. Biockem. J., 31, 67 (1931). 

C. B. Bills, Physiol. Rev., IS, 1 (1935). A. Hetduschka and H. Lindner. Z. physiol. Chem.. 181, 
15 (1929). 

W. H. Maguigan and B. Walker, Biochem. J., 34, 804 (1940). 

I. Smedley-MacUan and D. Hoffert, Ibid., 17, 720 (1923). R. Sonderhoff and H. Thomas. Ann., 
530, 195 (1937). 
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synthesis and the nitrogen metabolism. 7-Dehydro-choIesterol is 

apparently synthesized by higher animals and by human beings. The 
course of this synthesis is not known, but it is perhaps significant that 
both forms of 7-hydroxy-cholesterol, the a- and the jS-isomer, apparently 
occur in animal tissues. Thus, the formation of 7-dehydro-cholesterol by 
dehydration of the 7-hydroxyl compounds appears possible. It has also 
been postulated that 7-dehydro-cholesterol is synthesized from cholesterol 
by enzymatic dehydrogenation. No proof for this hypothesis can be 
offered other than the observation that small amounts of 7-dehydro- 
cholesterol and of dihydro-cholesterol always are present with cholesterol.”* 
It has been predicated therefore that while one molecule of chol^terol is 
dehydrogenated, another molecule is hydrogenated. On the oth^ hand, 
it seems plausible to assume that in certain cells 7-dehydro-cholesterol is 
totally synthesized in a manner similar to the total synthesis of cholesterol, 
which has been reported as being built up from compounds of only t^wo or 
three carbon atoms. 


10. Determination 

(a) Physical Methods 

The most accurate method for the determination of provitamins D is 
the spectroscopical analysis. The characteristic absorption spectrum of 
the provitamins in the ultraviolet region is the same for all provitamins 
on a molecular basis. This method, while quite accurate for the determi- 
nation of provitamins D in sterol mixtures isolated from natural sources, 
cannot distinguish between the individual provitamins D. This method 
can also be used for the determination of provitamins D in. preparations 
obtained by chemical synthesis with the restriction that the actual ab- 
sorption maxima must be determined as such and in relation to each other 
and that general absorption must be observed and properly considered. 
In dubious cases, the addition of known amounts of a provitamin D may 
increase the accuracy of the determination of the originaJ[ provitamin D 
content. 


W. H. Maguigan apd B. Walker. Biochem. 34, 804 (1940). 

O. N. Massengt^le. C. £. Bills and P. S. Frickett, J, BioL Chem,, 94, 213 (1931). M. Sobotka. 
W. Halden and P. Bilger. Z. pkysioL Chem., 234, 1 (1935). F. Reindel, K. Niederl&nder and R. Pfundl. 
Biochem. Z., 291, 1 (1937). 

R. Scbdnheimer, H. v. Behring, R. Hummel and L. Schindd, Z. physiol. Chern,, 192,73 (1930); 
Naiurvissenschafien, 18, 156 (1930). 

D. Rittenberg, J. Biol. Chem., 119, LXXXIII (1937). 
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(6) Chemical Methods 

No chemical method has been developed which is specific enough to 
determine the provitamins D accurately. Since all methods known ore 
based on the characteristic conjugated unsaturation of the provitamin D 
mplecule, no distinction can be made between the various provitamins. 
The chemical color tests based on this unsaturation are the following; 

1. The Reversed Salkowski Reaction. The provitamin D is dis- 
solved in chloroform and concentrated sulfuric acid is added. The add 
becomes deep red while the chloroform layer remains colorless. Sterols, 
such as cholesterol and sitosterol, give the opposite color reactions; the 
chloroform becomes red, while the acid exhibits a green fluorescence. 

2. The Liebermann-Burchard Reaction.'** The provitamin D is 
dissolved in chloroform, and acetic anhydride and concentrated sulfuric 
acid are added dropwise. A red color develops which progressively 
changes from blue-violet to green. Cholesterol gives a similar change of 
color but the initial red color remains unchanged for a longer period of 
time. 

3. The Tortelli-Jaff6 Reaction.'** A solution of provitamin D in 
acetic add is mixed with a 2% solution of bromine in chloroform. A 
green color develops. This reaction is given by steroids with a di-tertiary 
ethenoid linkage'** and by vitamins D. 

4. The Rosenheim Reaction.'** To a solution of provitamin D in 
chloroform a solution of trichloro-acetic add in water is added. A red 
color develops which changes slowly into a light blue. This color reaction 
becomes considerably more sensitive when, prior to the addition of the tri- 
chloro-acetic acid, lead tetra-acetate in glacial acetic add is added to the 
chloroform solution of the provitamin. An intense green fluorescence 
occurs which is, however, not given by provitamin D esters. Thus, 
provitamins can be differentiated from their esters by this method. This 
modified color reaction can he employed for the detection of provitamins D 
in an amount of the order of 0.1 7.'*® 

5. Chloralhydrate Reaction. Crystals of provitamin D, when 
heated slowly with crystals of chloralhydrate, melt above 50® C. and the 

E. Gerard, Chetn. Zentr., (1895) II, 229; Arch, ges. Physiol, P/lUgers^ 6, 207 (1872). 

C. Liebermann. Ber., 18, 1804 (1885). A. Heiduschka and H. Lindner. Z. physiol. Chem., 181. 
15 (1929). 

B. P. H&ussler and B. BrauchU, itch, Ckim, Acta, 12, 187 (1929). 1. M. Heilbron and F. S. 
Spiing. Biochem. J., 24, 133 (1929). 

U. Westphal, Bcr., 72, 1243 (1939). 

» O. Rosenheim. Biochem. J., 23, 47 (1929); 25, 74 (1931). 

A. von Christian! and V. Anger. Ber., 72, 1124. 1482 (1939). 
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mixture becomes first red, then green Md finally deep blue. Sterols, such 
as cholesterol, do not give any color reaction with chloralhydrate. 

6. The Antimony-Trichloride Reactions. Provitamin D dissolved 
in chloroform and mixed with a solution of antimony trichloride in chloro- 
form yields a red color. 

7. The Tschugajeff Reaction. A solution of provitamin D in 
glacial acetic acid with an excess of acetyl chloride and zinc chloride yields 
upon heating to the boiling point an eosin-red color with a greenish yellow 
fluorescence. The sensitivity is reported to be 1 : 80,000. 

While none of these reactions is absolutely quantitative, the Lieber- 
mann-Burchard reaction and the Rosenheim reaction^^* have teen 
recommended and developed for quantitative assays. 

CONVERSION OF PROVITAMINS D TO VITAMINS D 

\ 

11. Process of Activation 

Provitamins D can be activated to vitamins D by a number of different 
processes. They all involve in principle the input of energy into the pro- 
vitamin D molecule. Thus, ultraviolet light, cathode rays, radium 
emanation, etc., effect activation. 

(a) Ultraviolet Light Activation 

Provitamins D are activated to vitamins D by ultraviolet light of the 
same wave lengths as those which are absorbed by the provitamins as 
evident from the absorption spectrum. The energy required to produce 
one U, S. Pharmacopoeia unit of vitamin D from ergosterol has repeatedly 
been investigated.^*^ The data obtained under the most careful condi- 
tions indicate that 7.5 X 10^* quanta will produce one U. S. Pharmacopoeia 
unit of vitamin In the active region, the energy necessary depends 

upon the wave length. The most effective activation of ergosterol is 
obtained from light of the wave length 281 m^, which is the line that shows 
maximum absorption of ergosterol. On the other hand, the activation 

H. P. H&ussler and E. Brauchli, Helv. Chim. Acta, 12, 187 (1929). I. M. Heilbron and F. S. 
Spring, Biochem. J., 24, 133 (1929). 

m R. K. Callow, Biochem. J., 25, 87 (1931). 

A. von Christiani and V. Anger, Ber., 72, 1124, 1482 (1939). 

L. Tschugajeff, Ckem, Ztg., 24. 542 (1900); Z. angew. Ckem., 13, 618 (1900). 

HI S. Kon. F. Daniels and H. Steenbock, J. Am. Chem. Soc., 50, 2573 (1928). A. L. Marshall and 
A. Rnudson. IbiL, 52, 2304 (1930). T. A. Webster and R. B. Bourdillon, Biochem. J., 22, 1223 (1928). 
R. W. Human and H. Steenbock, Ind. Eng. Chem., Anal. Ed., 8, 291 (1936). 

R. S. Harris, J. W. M. Bunker and L. M. Mosher, J. Am. Ckem. Soc„ 60, 2579 (1938). 
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of 7-dehydro-cholesteroI has been reported^” to be significantly greater 
by monochromatic light of 296.7 m/i than by any other wave length. Con- 
flicting results have been obtained from studies on the production of 
vitamin D in rats. While in one laboratory light of 281 mu was found 
most effective, in another laboratory a superior effectiveness of light of 
296.7 mfi was found. 

There are different types of ultraviolet light sources used for the activa- 
tion of provitamins D, namely, the light of the magnesium arc and of the 
carbon arc and of the mercury vapor lamp. The light emitted by a 
bismuth vapor lamp has also been recommended.^** Cored carbon elec- 
trodes impregnated with various metals are also used. 

Provitamins D can be activated in the dry state, in vapor form^** and 
in solutions. Irradiation of provitamin D in the dry state gives poor 
yields because the vitamin D is produced only on the surfaces of the 
crystals and further irradiation destroys the vitamin D formed before the 
provitamin D present in the middle of the crystals has been affected. 
Irradiation in the vapor phase has not been investigated thoroughly. The 
best method of irradiation is to expose solutions of provitamins D to the 
action of the ultraviolet light. Agitation of the solution^** was found to 
enhance the vitamin D yield. The best technical method known today 
involves the utilization of a special quartz irradiation chamber which is 
built concentrically around the mercury vapor lamp and through which 
the provitamin D solution passes continuously in turbulent flow.^*® 

As pointed out before, the yield of vitamin D is influenced by the wave 
length of the light employed. It is well established that light of wave 
length between 275 and 300 mfj. produces the best yields of vitamin 
with the smallest amount of by-products. The desired light is obtained 
by special light filters, Light below 275 m/n is filtered out by aromatic 
compounds such as benzene^** or xylene'** or by compounds such as di- 
phenyl'** in benzene solution, or by a 5% lead-acetate solution.'** Car- 

J. W. M. Bunker, R. S. Harris and L. M. Mosher, /. Am, Chcm, Soc., 62, 508 (1940). 

A. Knudson and F. Benford. J. BM. Chem., 124, 287 (1938). 

J. W. M. Bunker. R. S. Harris and L. M. Mosher. J. Am, Chem. Soc., 62, 50S (1940). 

N.-V. Philips' Gloeilampenfabrieken. Holland. Dutch P. 35.579; V. S. P. 1.904,751. 

H. H. Beard. R. E. Burk. H. E. Thompson and H. Ooldblatt. J. Biol. Chem., 96, 307 (1932). 

F. A. Askew. R. B. Bourdillon and T. A. Webster. Biochem. J., 26, 814 (1932). 

A. Windaus, K. Westphal. F. v. Werder and O. Rygh. Nackr, Ges. Wiss. Gffttingen, Math. physH, 
Klasse, III, 45 (1929). 

F. Seiu. Darstellung von VitaminprUParaten, Leipetg. 1939, 50. 

H. H. Reerink and A. van Wijk, StraMentherapie, 40, 728 (1931). T. H. Rider. G. Sperti, G. P. 
Goode and H. G. Cassidy. J. Am. Med. Assoc., 106, 452 (1936). 

N.<-V. Philips' Gloeilampenfabrieken. G. P. 634.146.^ 

I. G. Farbenindustrie. G. P. 565.900. 

General Development Lab., Inc., U. S. P. 1,982,029. 
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bon tetrachloride is used to filter out light of the wave lengths 312 and 313 
Special types of glass which selectively allow light of 270-300 m/x 
to penetrate can also be made. 

The presence of oxygen during the irradiation should be carefully 
avoided.’" The intermediates and by-products formed during the irra- 
diation are much more susceptible to oxidation by molecular oxygen than 
either the provitamins or the vitamins D. The presence of oxygenated 
materials makes it difficult to isolate crystalline vitamin D, but the actual 
yield is not essentially affected. 

There is apparently also a specific solvent effect involved in the irradia- 
tion procedure. The activation takes place more rapidly in ether thaij in 
alcohol.’" 

Other materials such as cyclohexane and the diether, dioxane, 
also been recommended’" as solvents either alone or in mixture with eth}^!- 
acetate, benzene or triethanolamine. Provitamins D can also be irradiat^ 
in oil solution. Of further interest are some special methods of irradia- 
tion. Thus, it is claimed that enhanced yields of vitamin D are obtained 
when compounds are added which protect the vitamin D after its forma- 
tion. Ethylene or alkalies have been used in this manner.’*^® The irra- 
diation can also be carried out in the presence of photosensitizers, for 
example, of eosin, erythrosin or dibromo-dinitro-fluorescein.’*’ 

The temperature coefficient of activation, if it exists, is very small.’” 
The enhanced effect observed when irradiating at the boiling point of the 
solvent’®* is probably due to more uniform activation of all molecules 
present. 

The best yields are obtained when only 40 to 60% of the total 
provitamin D is converted.’®^ In such cases, the yields are between 30% 
and 60% of theory. This calculation includes the recovery of unchanged 
provitamin D. 


N.-V. Philips' Gloeilarapenfabrieken, Holland, B. P. 385,626. 
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J., 23, 1294 (1929). 
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Direct irradiation of foods has attracted special attention. Thus, 
cereals and flour have been commercially irradiated. Of considerable 
practical importance is the irradiation of milk, which is carried out in 
special equipment since ultraviolet light penetrates milk only slightly and 
since the odor of milk is easily influenced by ultraviolet light. Yeast and 
dried milk are also irradiated commercially. 

(b) Activation by Other Means 

Although activation by ultraviolet light has been the only method 
thoroughly investigated, a number of other methods are known for the 
conversion of provitamins D into vitamins D. 

Cathode rays as such^“ or in the presence of catalysts^®® such as iron- 
uranium salts, canal rays,^®^ a-, /3- and 7 -rays of radioactive elements, 
radium emanation,^®* x-rays,'®^* corpuscular ra 5 "s, electrons of high 
frequency^®® and finally alternating current of high frequency^®' have been 
claimed to effect activation of provitamins D. Most of these claims must 
be further investigated before they can be accepted. The conversion of 
provitamins to vitamins D by mitogenetic radiation^®* has also been postu- 
lated and will be discussed in the section on the Biogenesis of Vitamin D 
(page 404). 


12. Mechanism of Activation 


The conversion of provitamins D to vitamins D is not a simple process. 
During the course of this reaction, several substances are formed^®®* ^®®* '®® 
before the vitamin D is obtained and the latter is not stable to the activat- 
ing energy but is transformed into other compounds. 

The mechanism of the provitamin D conversion to vitamin D has been 
studied extensively in the case of ergosterol. The activating energy was 
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supplied in these studies by ultraviolet light. It is not certain that the 
same intermediate products, vitamin D and final products are obtained 
by processes other than the ultraviolet irradiation. It seems relatively 
certain, however, that at least the vitamin is identical from all forms of 
activation.^*® The mechanism, which will be described for ergosterol in 
the following paragraphs, is believed to be identical for all provitamins D 
and certain indications are available for this assumption other than 
analogy, especially in the case of the activation of 7-dehydro>cholesteroP®' 
and 22-dihydro-ergosterol.'®® 

The photochemical process is irreversible, that is, there is no equilibrium 
between the irradiation products. The number of the irradiation prodjicts 
and the sequence of these compounds dtuing the course of the process 
were revealed by actual isolation of the pure intermediates and by a deW- 
minatipn of all the products obtained from each isolated intermediate 
upon further irradiation. The result of these investigations is pictur^fd 
in the following scheme for the reaction mechanism.'*® ■ 



Ergosterol, m. p. 166 C. 
1 «Pd —132® in chloroform. 
Absorption maxima at 260» 270, 
282 and 293.5 mu. 



Lumisteroh, m. p. 118® C. 
[a]^o *= +192® in acetone. 

Absorption maxima at 265 and 
280 mpi. 


** For the vitamin made by activation of ergosterol by low velocity electrons, see I. McQuarrie, W. 
H. Thompson, A. V. Stoesser and L. G. Rigler, J. P€diai., 10, 295 (1937). 
w A. Windaus, M. Deppe and W. Wunderlich. Ann., 533, 118 (1937). 

M A. Windaus and B. GOntzel, Ibid., 538, 120 (1939). 
w F. Sets, Z. physiol. Chem., 215, 183 (1933). 
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Pro^tadiyiterolf 



Tachysterok. Ia]^D ■* —70® 
in benzene. Absorption maxima 
at 268, 280 and 294 m/A. 



Vitamin Di (Calciferol). M. p. 
116* C. lal*^ - +106* in 
alcohol. Absorption maximum 
at 265 m/i. 


Toziaterok Suprasterdt I 

Absorption maxi* M. p. 104® C. (a]\f *« 
mum at 248 m/y*. —76® in chloroform. Ab- 

s^tion only in far ultra* 
violet. 


Suprasterols n 

M. p. 110® C. la]V « +63® 
in chloroform. Absorption only 
in far ultraviolet. 


While there is no assurance that all intermediate products of the irra- 
diation of ergosterol have been recognized, there is no evidence that other 
products are formed. During irradiation, the ultraviolet absorption 
characteristics change with the compounds obtained. This change is 
illustrated by the following curves of the irradiation products (Fig. 16). 

All reaction products of the above scheme are isomers of the provitamins. 
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The constitutions of lumisterol, tachysterol and vitamin D are well estab- 
lished; the formula for pro-tachysterol is h 3 rpothetical. 

The nomenclature of the irradiation products of the various provitamins 
D has been proposed by Windaus.*™ Accordingly, the intermediates will 
be called “lumisterol,” "pro-tachysterol,” “tachysterol,” "vitamin D,” 
etc., and the special structime due to their derivation from specific pro- 
vitamins D will be designated by small index numbers such as “vitamin 
Di,” “vitamin Dj,” “lumisteroU,” etc. The index numbers for all irra- 



250 300 250 300 250 300 250 300 250 300 250 300 

Fig. 16. — ^Absorption curves of ergostcrol and its irradiation products in 
0.2% etherial solution. (A. Windaus.) 

diation products from one provitamin are the same, for example, all prod- 
ucts derived from ergosterol are called productss; from 7-dehydro-choles- 
terol, products*; from 22-dihydro-ergosterol, products*. There are no 
productsi. The term vitamin Dj was a misnomer given originally to the 
first isolated crystalline material of vitamin D activity,”* which later 
proved to be a molecular addition product of lumisterol* and vitamin Dj.*” 
All photochemical reaction products formed upon irradiation of any 
given provitamin D are subject to further photochemical attack. The 
irradiation can, however, be directed so that one or the other product is 
obtained predominantly according to the wave length used for the reaction. 

Of all the irradiation products formed and isolated, only the one which is 
called “vitamin D” exerts antirachitic action. The others are physio- 
logically inert or exhibit physiological properties entirely different from 
those of the natural vitamins D. 

A. Windaus, M. Deppe and W. Wunderlich, Ann,, 533» 118 (1937). 

A. Windaus, Proc. Roy. Soe. {London), BIOS, 568 (1931). A. Windaus. A. Liittringhaus and M. 
Deppe, Ann., 489, 252 (1931). 

A. Windaus and A. LOttringhaus, Z. physiol, Chem., 203, 70 (1931). A. Windaus, O. Unsert, 
A. Lttttringhaus and G. Wetdlich, Ann., 402, 226 (1932). 
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(a) Lumisterol (Sterol X). The first irradiation product of ergos* 
terol which can be detected is lumisterola. LumisteroU can be prepared 
predominantly by irradiation of ergosterol vdth light of the wave length 
290-300 Upon conversion of about 40% of the ergosterol used, 

the unchanged ergosterol is separated by crystallization from methanol. 
The mother liquors are evaporated to dryness and upon crystallization 
from acetone the molecular addition product of vitamin D 2 and lumi- 
steroU, which was called “vitamin Di,“ separates. The addition product 
is broken up by acetylation, followed by fractional crystallization from 
acetic acid, whereby the lumisteroU-acetate crystallizes first. LumisteroU 
itself is obtained by saponification of its acetate. 

Experimental investigations^’^ have been made to ascertain if lumi- 
steroU is a necessary intermediate or if ergosterol can be converted directly 
into the next intermediate, tachysteroU. From the changes involved in 
the absorption spectrum of ergosterol and of lumisteroU upon short irra- 
diation with ultraviolet light, it is concluded^’® that lumisterob must be 
formed before tachysterola can be obtained. 

Analysis and molecular weight determinations indicate that lumisteroU 
is an isomer of ergosterol. The hydroxyl is present since esters can be 
formed. LumisteroU contains three .double bonds as evident from titra- 
tions with perbenzoic acid and from catalytic hydrogenation.^’®' ^’’ One 
of these is in the side chain in 22,23-position as in ergosterol, since upon 
ozonolysis methyl-isopropyl-acetaldehyde is obtained.^’® The other two 
double linkages are conjugated as evident from the absorption spectrum 
(Fig. 17). Since upon total dehydrogenation of lumisteroU with selenium, 
the same hydrocarbon, CjsHw ( 7 -methyl-cyclo-penteno-phenanthrene), 
is obtained as from ergosteroF’® and since upon nitric acid oxidation of 
lumisteroU and of ergosterol the same toluene-tetracarboxylic acid is 
obtained^®® (see page 356), it must be concluded that the original ring 
system of ergosterol is also the ring system of lumisteroU and that the 
system of conjugated double bonds is present in one ring, which can be 
only ring B or ring C of the sterol ring skeleton. Lumisterob upon treat- 

A. Windaus. K. Dith'mar and E. Pernbolz. Ann., 493, 265 (1032). 

»* H. Lettrf, Ibid., 511, 280 (1934). 

»• K. Dimroth, Bcr., 70, 1631 (1937). 

K. Dimroth. Ibid., 68, 539 (1935). 

A. Windaus, K. Dithmar and E. Fernbolz, Ann., 493, 265 (1932). 

A. Guiteras. Z. Nakamiya and H. H. Inboffen, Ibid., 494, 116 (1932). 

H. H. Inboffen, Ibid., 494> 122 (1932). 

G. Ahrens, E. Femholz and W. Stoll. Ibid., 500, 109 (1932). , 
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ment with pa-benzoic add yields a triol, which g^ves only a diacetate, 
and upon treatment with mercuric acetate yields dehydro-lumistoxdt."* 
All these reactions are in strict analogy to ^ behaviw of ergosterol, so 
that there is little doubt that the double bonds are in the same poritimi 
as they are in ergosterol, namely, in the 5,6- and in 7,8-positions. On 
the other hand, lumisteroU does not form an addition product with digi- 
tonin and does not form a bimolecular compound upon irradiation in the 
presence of eosin. Furthermore, upon toted hydrogenation a texahydro- 
compound is formed which is different from that obtained from ei^ostercd. 
The difference cannot be due to isomerization of the 3-hydroxyl gr^up* 



200 240 280 320 m/i 

Fig. 17, — Absorption spectrum of lumisterols. 

(H. Brockmann.) 

rince p 3 rro-calciferol, which will be discussed later, also yields a Inmolecular 
compound upon irradiation with eosin. It must, therefore, be conduded 
that the difference between ergosterol and lumisterol is only in the steric 
position of one substituent on one of the asymmetrical carbon atoms 9 
or 10. Actually an isomerization on carbon atom 10 is invdved as will 
be discussed in the section on the pyro-caldferols (page 399). 

LumisteroU can be converted into vitamin D* by irradiation, but is 
itsdf devoid of antirachitic efificaqr. 

LumisteroU**^ and lumisteroU*** have been isolated from the irradiation 
products of 7-dehydro-cholesterol and 22-dihydro-ergosterol. It is 
interesting to note that these Imnisterds in contr^j^tinction to lumi- 
steroU do not form mdecular addition compounds vrith their corresponding 
vitamios D . 

» t. M. 'Bdtbron, P. 8. Spring and F. A. SUwart, J. Cktm. Sot., IMS, 1821. 1, M. Eteilhtao and 
P. S. ^pteg, Ckm. aoilud., S4. 785 (1936). 

m A. Wittdana, M . Deppa and W. WnndatUdi. Ann., SM, US (1887). 

M A. Wndaui and B. Ofintari, /5M.. S38, 180 (1988). 
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The fonnatioti of lumisterol compounds from three different provitsunios 
D by ultravidet irradiation allows the prediction that similar iumisterdi 
compounds are f<8ined by all steroids which have the system of conjugated 
double bonds and the steric omfiguration of the three provitamins ergos- 
terol, 7-dehydro-cholesterol and 22-dihydro-ergosterol. The changes in the 
absorptim spectrum of A*>^-androstadiene-diol-3,17 upon irradiation make 
the existence of a lumisterd compound certain. That the exact position of 
the double bonds in the starting material is necessary for the lumisterol 
formation is evident from the fact that isodehydro-cholesterol upon irradia- 
tion does not form a corresponding lumisterol compound. The steric 
specificity ior the lumisterol formation is apparent, since pyro-calciferol and 
isop 3 rro-calciferol (see page 399) do not yield lumisterd derivatives. 

(b) Pro-tachysterd. Pro-tachysterol is obtained from lumisterol 
upon irradiation. It hsis not been isolated in the pure form and is ap- 
psu-ently not stable, but undergoes reanangement into tachysterol as 
evident from spectroscopicd studies.'” Thus, crude irradiation products 
of ergosterol kept seded in the absence of oxygen chsmge their absorption 
spectrum. While this dmk reaction is slow at room temperature, it can 
be brought about in a few hours by heating to 55“ C, The spectral 
changes involve the appearance of the typical absorption spectrum of 
tachysterd at 280 mft. 

(c) Tachysterol.'” Tachysterol follows pro-tachysterol and precedes 
the vitamin in the sequence of irradiation products. 

Tachysteroli can be obtained '” from ergosterol by irradiation with the 
diorter wave lengths of the ultraviolet light until about 60% of the ergos- 
terol is transformed. The separation from unchanged ergosterol is 
effected by crystallization froin methanol. Tachysta’di is isolated from 
the other irradiation products by means of citraconic anhydride, which 
forms an addition compound with tachysteroU. Tach}rsterols itsdf is 
obtained from the adduct by thermal decomposition. \l^e tachysterdi 
could not be obtained in crystalline form, the 3,5-<ffnitro-4-rnethyl-benzdc- 
acid-esto: forms well-shaped crystals. 

The constitution of tachysterol appears to be definitely established. The 
outstaiiding property of t';chysterol is the ease with which it is autoxi- 
dized. This is considerably greater than the oxidation of ergosterol 
or of any of the otlMir irradiation products. Anal)r»s of the crystallized 
ester established that tachysterolt is an isomer of ergostercd. Tachy^eroli 

» A. WiBdaii* and B. AuhafCB. 2. thjmel. Cktm., 1M» 108 (1881). 

*• The name ''Uchystcrhl" has been given to this compound in recognition of its outstanding prop* 
srty, namely, the speed with which it reacts (roxvt, Or. m fast). 

»» A, Windausa P. v. Werder and A. Uittiinghaus, Ann., 4e»» 1S8 (19312). 
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ccntdns four double bonds, that is, one double bond more than eigostend 
or lumisteroli. This was established by the following series of reactimis:”’ 
Tadiysterol'-acetate forms an addition product with citraccmic anhydride, 
as mentioned before. The formation of this adduct requires that one 



200 240 280 320 tn/t 


Fig. 18. — Absorption spectrum of tacby- 
sterolj. (H. Brockmann.) 

vealed that two mc»e double bonds are present. The tetrahydro-tachy- 
sterols-acetate-dtraconic anhydride is, however, not a saturated compound, 
^ce the presence of one mme double bond can be demonstrated upon 
titration witii perbenzoic acid. The presence of four double linkages 
requires the presence of only three rings instead of the four rings present 
in ergcMderol and in lumisteroU. The fourth additional double bond which 
is formed by ring-opening must be in conjugation to the two double bonds 
in ring B as evident from the absorption iy>ectrum which shows maxima 
at 268, 280 and 294 ium (Fig. 18). 


«*• H. Uttrf. Am., Sll, >80 (19S4), 
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Tte ring-openiog dtiring the formaticm ci t^diysterdt from lumistendt 
occurs between caTb(»i atoms 9 and 10. This has been assumed in view 
d the fact tiiat in vitamin Dt, which follows tachysteroli in the sequence 
of irradiation products, ring B is open between carbon atoms 9 and 10 as 
has been proved by oxidaticm experiments (see page 392). The dose tda- 
tionship d tachysteroli to vitamin Di has also been demtmstrated by hy* 
drogenation with sodium in alcohol, both compounds yielding the identical 
dihydro-derivative*” (dihydro-vitamin DJ). 

The portion of the three conjugated double bonds has been ^tablished 
by oxidation experiments.*” Vitamin Dt yields upon oxidation a ketone, 
CuHtiO, which will be discussed in the section on the Constitution of 
the Vitamin (see page 396). This ketone is obtained upon deavage of the 
double bond between carbon atoms 7 and 8. Since the same ketone could 
not be obtained under similar oxidation conditions from tachysteroli, it 
must be conduded that the latter has no double bond in the 7,8-position. 
The positions of the three conjugated double bonds must therefm’e be 
assumed to be in the 10,5-, 6,7-' and 8,9-positions. 

Tachysteroli has no antirachitic action and was found to be about half 
as toxic as vitamin Di. Tachysteroli is formed from 7-dehydro-choles- 
terol*” and tachysteroli from 22-dihydro-ergosterd*** in a manner similar 
to the formation of tadiysteroli from ergosterdl. The isolation of these 
compounds is carried out by means of the condensation compounds with 
dtraconic anhydride as described. None of the known tachysterols is a 
crystaUized compound, but crystalline esters have been obtained. 

Dihydro-iachysUroU: A.T.IO (Anti-tetany compound No. 10.) Di- 
hydro-tachysteroli is of considerable theoretical and furactical importance. 
It is prepared*” by sodium and alcohol reduction the 3,5-dinitro-4- 
methyl-benzoic-add-ester ot tachysterd followed by saponification. 
(Dihydro-vitamin Di/ is obtained in about 30% 3 ddd as a by-product in 
the reaction.) While tach 3 rsterdit has not been obtained in the pure 
crystalline form, the dihydro-detivativei can easily be obtained in such a 
state. 

Dihydro-tachysteroli is slightly active antirachitically.*** It caums 
an increase of the calcium concentration in the blood. Tachysterol itself 

w M. MltiUr. Z. pkytiol. Ckem., 23S, 2S3 (1985). 

>" W. Orundmum, INd., 283, 151 (1936). 

A. Wiadsut, M. Deppe mi W. WundarBek, Aim., 833, IIS (1981). 

"> A. Windaui ud B. GOattd. IM4., 888, ISO (1989). 

I. G. FutodndaiM*. V S. P. 3.070.117. 

”• F. V. WcnUr, Z. pAptM. Ckm., 260, 119 (1989). 



380 


CONVERSION OF PROVITAlflNS D TO VITAMINS D 


has the aune pr<q>efty but is otdy */m as active. The dihydro-cotnpouad 
is used dinicaUy under the name “A.T.10” for the treatment cf idiopathic 
and postoperative (fa 3 rpoparath 3 rroid) tetany. “<* “•> "• Dihydro-tachy- 
sterol has the following formula, as is evident from absorpticm qjectrum, 
cataljrtic hydrogenation and oxidative degradaticm reaction 


M. p. 126-127* C. 
Absorption maxima at 242, 
251 and 261 m/i. 


(d) ^^tamin D. The vitamins D follow the tachysterols in the 
quence of photochemical reaction products from provitamins D. Th^ 
isolation, properties and chemical constitution of the vitamins D will be^ 
described later. 

The vitamins D are the only photoisomers of the provitamins D with 
antirachitic efficacy. 

(e) Tozisterol (Substance 248). Upon further irradiation of vitamin 

D a toxic compound is formed, which has not yet been isolated in the pure 
state. It is characterized by its absorption spectrum which shows a 
maximum at 248 m^. It has no antirachitic activity^*^ but is quite 
toxic. There is considerable evidence that this compound is formed 

more readily when the irradiation is carried out in alcohol than in ether.^^ 

u* P. Holts, Merck's Jahresber., 47, 20 (1934). 

M P. Holts, Klin. Wochsehr,, 13, 104 (1934); Deut. nud. Wochschr., I, 560 (1934); II, 1830 (1934). 
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Med, Soe,, 29, 275 (1989). O. C. Pickhardt and A. Bembard, Ann. Snrg., 108, 362 (1938). E, Rose 
and F. W. Sunderman, Arch. Intern. Med., 54, 217 (1939). L. M. Hurxthal and T. S. Claiborne. Sew 
England J. Med,, 220, 911 (1989). 

w F. V. Werder, Z. physiol. Ckem., 250, 119 (1939). 
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Honeywell and W. M. Cos, J. Biol. Chem., 80, 557 (1928). E. H. Reerink and A. van Wijk, Biochem, 
J„ 28, 1294 (1929). 

n* A. Windaus, A. LOttringhaus and .P. Basse, Sachr. Ces. Wiss, GdUi^en, Math, physih, Klasu, 

in, 150 (1982). 
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Mad, J., 11, 832 (1928). L. J. Harris and T. Moore. Biochem. J., 23, 261 (1929). J. C. Hoyle and B. 
Bneklaad, Ibid., 23, 558 (1929). J. C. Hoyle, /. Fharm., 40, 351 (1980). R. Kern, M. F. Montgomery 
and B. W. Stttl, J. Biol, Cham,, 93, 865 (1931). 
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The compound is called toadsterol or substance 2^ becaitse of its out* 
standing ultraviolet absorption at 248 (Fig. 19). 

(f) Supraaterols I and n. The information available concerning the 
fcffmation of the irn^Uatkm products of vitamin D is scarce. It seems*** 
that toxisterbl and the two suprasterols I and II are formed amoltaneouslyt 
but it has also been assumed*** that tadsterd precedes the suprasterds. 



'200 240 280 320 m/t 

X— *- 

Fig. lO.^Absotption spectrum of toxistertdi. 

(H. Brocknunm.) 

The two suprasterols appear to be the photochemical end-products from 
the irradiation of the provitamins. 

The suprasterblss I and II have been obtained*** from over-irradiated 
ergosterd. Th^ have been isdated 1^ firactional ctystallizatitm of thdr 
alloidianates, whereby the suprasterds I is obtained first. The supra- 
sterols are isomers of the provitamins from which th^ have been obtained. 
In the case ci the suprasterdsi I and II the presence of the hydrosjd group 
and the bide chain as present in etgosterd have been ^oved. 

*> P. SMt. Z. pkfsM. ats. 18S (1«83). 

»• C. B. BOb, Fkytitl. Ktt., IS. 1 (193S). 

m A WiaAuH, J. QMd«, J. Etstr sad O. Steia, Ann., 4S3, 17 (IMO). 
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Suprasteroli I lias tbree doable boods according to the results obtained 
from catalytic hydrogenaticm and from titration with perboizoic add.*** 
Since neithtf of the suprasterols shows any absoiption in the ultravidet 
region above 240 m^ (Fig. 20), it must be conduded that the double bonds 
are not conjugated. The presence of only three double bonds suggests 
that ring-dosure occurred upon irradiation of vitamin D. The typical 



Fig. 20. — ^Absorption spectrum of the supra- 
sterolsj. (H. Brockmann.) 

hydrocarbon, y-methyl-cydo-penteno-phenanthrene, which is obtained 
frrom all sterol compounds upon dehydrogenation with selenium, was not 
obtained from either of the suprasterolss. The ring-dosure has, therefore, 
not resulted in the fcnmation of the sterol skdeton. 

Even less is known about suprasto-ols II. There appear to be three 
doable bonds, but there is no condusive evidence to substantiate this. 

As long as the structure is not certain, no definite fcnmulas can be given 
fcff the suprasterols. The following spiro^clo-pentane formula has been 
tentativdy suggested:** 



«• M. MMar, 2. Cktm.. 2SS, 223 (»8S). 

«• M. Maa«r, IMd., 333. 223 (1833). 
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By over-uradiation oi 7-dehydro-cholesterdl’" and of 22-diliydro* 
ergosterol*®* the sufirasterolsi 4 , respectively, are fcatned. 

VITAMINS D 

The number of naturally occurring vitamins D is unknown, and it is 
an extremely difficult task to isolate and to identify the pure vitamin D 
from any source. Prior to the isolation of any pure antirachitic substance 
from natural material, various forms of vitamin D were obtained by 
irradiation of different provitamins. Numbers were assigned to these 
various vitamins D in wder to simplify the nomenclature. Thus today 
we have the following series of five vitamins D with their corresponding 
provitamins: 


Tablb IV 


Vitamin D 

Provitamin D 

Remarks 

Vitamin Di 

Ergosterol 

Vitamin Di is a motecular compound con- 
sisting of vitamin Da and lumbterola 

Vitamin Da 

Ergosterol 

Vitamin Da is also called calciferol or 
viosterol 

Vitamin Ds 

7-Dehydro-cholesterol 

Vitamin Da is also referred to as dimethyl- 
dihydro-calciferol 

Vitamin D 4 

22-Dihydro-ergosterol 


Vitamin Da 

7-Dehydro-sitosterol 



Actually, since at least ten different provitamins D are known, ten 
different vitamins D also should be Jisted. But only the four vitamins, 
designated vitamins Du, have been prepared in essentially pure form. 
Whether or not the four vitamins D listed above occur in nature is not 
known. Only vitamin D* and vitamin Dj“* have been isdated in the 
pure form from fish liver oils. Fm-thermore, another vitamin D of un- 
known constitution has been separated by molecular distillation from Ssb 
liver From the properties of this vitamin it is inferred that it is not 
identical with any of the above listed vitamins and it will tiierefOTe be 
referred to in this monograph provisionally as vitamin D 6 (?). Beades 
vitamin De(r) five other vitamins D occur in cod liver ml as erident from 

» A. Windant, M. Deppe ami W. Wunderiich, Aaa., 89S, 118 (1937). 

» A. Wlndatu and B. Gantiel, IM., 538. ISO (1939). 

H. Brockmano mud K, Butse, Z. physiol, Chsm,, 2Sdy 252 (1238)a 
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mdecular distillatim experiments. <X tliese six vitamins D, two are 
present as tbe major constituents, two are present in lesser quantiti«i and 
the last two are pr^ent cmly in traces.*^* The distillation curves for the 
vitamins D from spearfish and frcnn “white sea bass’* are different from 
each other and from those of cod liver oil. This suggests that these 
contain different vitamins D. 

The complexity of the vitamins D which occur in nature can also be 
demonstrated by biological experiments, using different species of animals 
as test objects. All vitamins D are primarify standardized on rats. How- 
ever, when tested on chidks, the naturally occurring vitamins D show quite 
inconsistent responses. Rat Unit for Rat Unit. In order to have a stana- 
ardized vitamin D with which other vitamin D preparations can be comV 
pared, a special preparati<m of cod liver oil has been selected in the United 
^tes as a reference. This material is carefully tested on rats and the\ 
response of this preparation on chicks is designated arbitrarily as a 100% 
activity, that is, one Rat Unit vitamin D from the U. S. R^erence Cod 
Liver Oil is arbitrarily taiken as one Chick Unit of vitamin D. Vitamin D* 
also proved to be 100% chick-active. On the other hand, vitamin 
has only '/* to V« the chicken activity of the U. S. Reference Cod Liver 
Oil. Vitamin Ds has practically no chicken activity. The livers of some 
fish contain vitamins D which are much more than 100% chick-active. 
Thus vitamin D from the “white sea bass” (Cynosdon nobilis) has been 
reported to be over 300% chick-active and the vitamin D from the dogfish 
(Sgualus suckUyi) about 230% active.*'^ Careful analysis of these results 
lead the Investigators to the belief that these high chicken potencies of 
qiedal fish oils are due to a real vitamin D, that is, due to at least one new, 
so far unknown form, and that these potencies cannot be explained on the 
basis of some hypothetical S3mergistic factor. 

The q>ecies specificity has also been demonstrated with turkeys. A 
Chide Unit is not necessarily a Turkey Unit of vitamin Further- 

more, some evidence exists that human beings react preferentially to 
certam forms of naturally occurring vitamin D. Thus, it has been ob- 
served that seal oil is a much more effective antirachitic agent for humans 
than for rats.”^ There is also ample evidence that vitamin D« is some- 
what more effective in man Than vitamin Di. 

•• K. C. n. Hkamu tad B. L. Ony, Ind. £«(. Clum„ 30, 706 (t038). 

•» C. B. BiUs, O. N. MaiKiicsIe, M. Imbodcn and H. Hall, J. tfutntion, 13, 435 (1937). 

»* T. H. Jataa and T. D. Saatonl. /M., 18, 71 (1939). 

•>* B. J. BfikUina, M. ;. UiaeravakaTa and N. N. Milovanova, iCoaas. JWad. Zkur., 33, 84 (19S7): 
Oum. ZMr., 1S3S, II, SIOB. 
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14. Occazrence 

Vitanrin D occurs in nature only in small amounts. The living jdant 
tissue and fresh gre^ vegetables contain no detectable amount ot this 
vitamin. The occurrence of very small amounts of vitamin D in some 
species, however, is possible due to the presence of significant amounts of 
provitamin D. Thus, by irradiation from the sunlight a certain amount 
of vitamin D should be formed. 

From time to time it has been reported that certain plant materials 
contain considerable amounts of vitamin D. It has not been possible, 
howevCT, to verify these claims. On the other hand, it has been found that 
yeasts and molds grow readily on many non-living plants. These organ- 
isms contain significant amounts of provitamins D as discussed previously 
(page 345). A transition of these provitamins into vitamins D under the 
influence of sunlight has been proved in many cases, for example, in the 
alleged antirachitic activity of cacao shells^‘^ and of hay.*‘‘ 

Vitamin D occurs only in small quantities in most members of the 
animal kingdom.*^* Only a few classes of animals and of animal products 
contain significant amounts. 

Abundant quantities of vitamin D are present in the livers and also to 
a certain extent in the viscera of fish. The actual amount of vitamin D 
per gram of liver oil varies considerably with the species, the season and a 
number of other biological factors such as age, dimate, food supply, condi- 
tion of living, etc. Thus, for example, halibut livers give in the summer 
months a high yield in oil of low potency while in the winter months less 
oil with more vitamin D is. obtained. As a goieral rule it appears that 
fish with much body oiiare the richest natural source of vitamin O. The 
distribution of vitamin D in various fish oils may be illustrated by Table V. 

While the fat from fish contains relatively large amounts of vitamin D, 
the fat of other animals contains little or none.*'* Exceptions to this 
general rule are certain fats from animals, espedally from certain birds, 
that live upon fish. Furthermore, the nutritive animal material for the 
initial growth of those spedes that require vitamin D contains small but 
significant amounts. Thus, the eggs ci birds are a rdativdy good source. 
More spedfically, the yolks of hen and duck contain de^te amounts, 
which are usually fairly constant (see page 418). The milk of manunals 
contains vitamin P. Furthermore, inasmuch as milk contains the (q>ti- 

■>* A. W. Kwwp UA K. H. Cowird. Amlyt, 59. 474 (1V84). 

”* H. Stccaback, B. B. Hart, C. A. BlviUacia and S. W. V. Klelaiea. J. Biol. Cktm., M, UU <ISS5). 

»• B. A. CotiBtiia and C. A. Mata. Arc*. Mtrtuni. phyiiol., IS, 407 (1983). 
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Tablb V 

Distribution of Vitamin D in Various Fish Oils 


Source of oil 


ZoologioBl uftuie 


PoCescyi 
1. U.perG. 


Bluefin tuna, liver 

Swordfish, liver 

Yellowfin tuna, liver 

Black sea bass, liver 

Bocaccio, liver 

Red rock£sh, liver 

Black rockfish, liver 

China rockfish, liver 

*'Ling cod’* (not codfish), liver 

Chinook salmon, liver 

Halibut, liver 

Rabbitfish, liver 

Striped rockfish, liver 

Starry flounder, liver 

Boston mackerel, liver 

’’Black cod’* (not codfish), liver 

Pufferfish, liver 

Dog salmon, liver 

Black horse, mesentery 

Turbot, liver 

Rex sole, liver 

California sand dab, liver 

Cod, liver 

Herring, entire body 
Yellow sole, liver 
Sardine, entire body 
Goosefish, liver 
Pollack, liver 
Menhaden, entire body 
Shark, liver 
Salmon, trimmings 
Turbot, body minus liver 
Skate, liver 
Dogfish (Pacific), liver 
Muddy catfish, t^y 
Ohio perch, mesentery 
Buffalo, mesentery 
Haddock, liver 
Channel catfish, mesentery 
Dogfish (Atlantic), liver 
Capelin, entire body 
Ratfish, liver 
Gray sde, liver 
Sturgeon, Hver 


Thunnus thynnus 
Xiphias zladius 
Neothunnus macfopUrus 
Stereolepis gigas 
Sedastodes paucispinis 
Sehastodes ruberrtmus 
Sebastodes mystinus 
Sehastodes nebulosus 
OpkiodoH eUmgatus 
Oncorhynckus tsehaundscha 
Hippoglossus hippoglossus 
CkiUmycterus sckoepfi (?) 
Sehastodes dongatus 
Platicktkys steUatus 
Scomber scombrus 
Anoplopoma fimbria 
Spkoeroides maculatus 
Oncorkynckus keta 
CycleMus elongatus 
Reinkardtius kippoglossoides 
Errex sackirus 
Ortkopsetta sordtda 
Gadus morrkua 
Clupea karengus 
Ps^opleufonectes dignabilis 
Sardinia caerulea 
Lopkius piscatorius 
Potlackius virens 
Brevoortia tyrannus 
(Sp.) 

Oncorkynckus (Sp.) 
Reinkardtius kippoglossoides 
Raja binocukUa 
Squalus suckle^ 

Leptops olivaris 
Aplodinotus grunniens 
Ictiobus cyprineUa 
Melanogrammus aegUfinus 
Ictalufus punctatus 
Saualus acantkias 
Mollotus villosus 
Ckimaera colliei 
Glyptocepkalus cynoglossus 
Acipenser rubicundus 


40.000 

10.000 
10,000 

5.000 
2,100 
1,500 
1,500 
1,400 
1,500 
1,300 
1,200 
1,100 

1.000 
1,000 

750 

600 

570 

400 

400 

260 

150 

120 

100 

100 

90 

80 

70 

50 

50 

50 

40 

30 

25 

20 

20 

11 

10 

10 

5 

3 

3 

2 

<1 

NU 




From: C. £. BiUs, Pkysiol. Rev., 15, 13 (1935), 


mum amounts of calcium and phosphorus, it is used extensively for supple- 
menting human needs (see page 403). Milk products^ es^^edally dried 
nulk and butter also contain the vitaxmn originally {Mesent in milk. 
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15. Isolation 


Tbe isolation of vitamin D from naturally occurring fish liver oils is 
carried out by first isolatiag the unsaponifiahle fraction. Fw this purpose, 
either the entire oil or the alcoholic extract therefrom**^ is hydrolyzed. 
Hus is done under the most careful conditions, f<Mr by of 

potasaum hydroxide in methanol in an atmosphere of nitrogen.*** The 
next step consists in separating the vitamin D from the vitamin A faesent. 
This can be adiieved by condensing the vitamin A with maleic anhydride*** 
or, better, with dtraconic anhydride.*** Another separation rnethod con- 
asts in the extraction of the mixture of vitamins A and D in l^drocarbon 
solution, such as benzene*** or pentane;*** with aqueous methanol (90- 
95%), whereby the vitamin D remains in the hydrocarbon, whereas the 
vitamin A goes into the methanol sdution. The best method for further 
purification is apparently a selective adsorption on ahiminum oxide ac- 
cording to the principle of chromatographic adsorption. The position of 
the vitamin in the adsorption column can be detected by adding to the 
vitamin solution an indicator, for example, indicator-red 33,*** which has 
the same adsorption characteristics as the vitamin D. The vitamin D is 
separated htnn sterols, for example, from cholesterd, by freezing in 
methanol solution***' ot by precipitation with digitonin.**** **•* ***• **• 
Another method fm* the purification of the vitamin D is its separation from 
non-alcoholic constituents by esterification with phthalic add anhy- 
dride, followed by fractionation of the esters. ***• ***• *** A certain puri- 
fication can also be obtained by high-vacuum distillation.**** *** Final 
purification is achieved by esterification, for example, with 3,5-dimtro- 


>» T. P. Znekcr, ffot. Soc. BM. Utd., 19. 167 (1922); 20, 186 (1082). 

"* O. Nar»elicr mud T. KdebMcin, SWt. CMm, Aeta, 19, 1382 (1936). 

•» O. Ditmcr, P. v. Wmtdw mud T. Moll. Z. phytM. Ctm., 224, 86 (1934). 

*<* A. Wiadmni. O. Liuort, A. lAttringhmot mud O. Wddlidi, Ann., 492, 286 (1081). 

>» H. BiwAmman, Z. pky$iol. Oum., 241, 104 (1936): /Md., 245, 96 (1037). H. Bracknmaa mad A. 
Buho, tUi., 849, 176 (1M7). 

«> O. Nvmcher and T. Kd^eia, Hth. Chim. AM, 19, 1388 (1986). 

»• H. Bnetaamaa, Z. pkytM. Ck€m., 241, 104 (1986); IM., 345, 96 (1037). H. Btocknuum mad 
A. Bune, IhU., 249, 178 (1987). 

»< O. Nmtaelicr mad T, lUddutda, CMm. Am, 19. 1383 (1936). 

w ». BnnAmaan. Z, phytUl. Ckim., 241, 104 (1986): IM., 245, 96 (1037).. H. BiwAnuan mad A 
Bimm, lUA., 849. 17641887). 

«• B. J. H. Sbaoni ud T. P. Zudccr, J. Am. Chm. Soc.. SS, 2655 (1936). 

** O. A D. Hmdcwood mad J. C. Druauaoad, J. Soc. CMm. Ini., SS, 598 (1986). 

» O. NmiwAcraad T. Bdehatala, BOi. Ckim. AM. 19. 1388 (1986). 

» B. J. B. ShDoam mad T. P. Zadar. J. Am. Chcm. Soc., 58, 8665 (1936). 

P. Bader, Z. Vitamin/oruh., 2, 841 (1983); 3, 161 (1984). 

»> O. NenwilMr sad T. XeidMtda, BM. Ckim. AM, 19, 1888 (1986). 

»• p. Bader, Z. VilomiH/brack.. 8, 341 (1938): *, 161 (1934). 

•» O. Kareaher mad T. BeMetmia, BM. Ckim. AM, 19, 1S8S (1036). 
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benzoyl-chloride and purification of the dinitro-benzoate by fractional 
crystallization***' *“ or by adsorption on aluminum oxide.*** Esterification 
may also be carried out with isocyanic acid, followed by fractional 
crystallizations of the allophanates obtained.*** The free vitamin D is 
then obtained by saponification of the ^ters. By utilization of these 
methods, vitamin Ds and vitamin D 2 have been obtained*** from tuna 
liver oil and from halibut liver oil. 

The method of separating naturally occurring vitamins D by molecular 
distillation is also of considerable interest.*** In order to facilitate the 
distillation process, a constant-yield oil is added to the fish liver oils. (Fc^ 
details of this method see page 61.) Upon distillation of such a mixture, 
free and esterified vitamins D can be separated. While the former distill 
around 160® C., the latter pass over at 230-250® C. The utilization ol^ 
this method has resulted in the separation of a new vitamin D, which isi: 
characterized by the lowest boiling point of the entire vitamin D fraction 
and which will be provisionally referred to in this monograph as 
vitamin Dg (?). 

The methods of isolating vitamins D from the irradiation products of 
the provitamins are somewhat different from the methods used for the 
isolation of the naturally occurring vitamins D, since a different type of 
by-products must be eliminated. The best yield of vitamins D from the 
irradiation of provitamins D is obtained when about 40 to 60% of the 
provitamin has been transformed. The percentage converted can be 
determined approximately by crystallization of the unchanged pro- 
vitamin D from alcohols or somewhat more accurately by precipitation with 
digitonin. Either of these operations, or a combination of both, is carried 
out as the first step in the actual isolation procedure to obtain the pure 
vitamin D. The isolation of the formed vitamin D is carried out in the 
absence of oxygen. Although vitamin D is only moderately sensitive to 
molecular oxygen at room temperature, the intermediate, tachysterol, 
which is always present in the crude irradiation products, at least in small 
amounts, adsorbs oxygen readily with the formation of peroxides, which 
in turn have the tendency to destroy the vitamin D. Tachysterol is sepa- 
rated from the irradiation mixture by condensation with citraconic an- 
hydride. The crude reaction product is saponified at room temperature 

H. Brocktaanii mitd A. Bime, N^fuirwisunsckaftetip 2S, 122 (103S). 

B. J. H. Simoni «iil T. P.. Zucte. /. Am. Chtm. Soc., 58, 2655 <1986). 

H. Brodcmattn, Z. ^ysiei. Cktm., 241, 104 (1986); Ihid„ 245, 96 (1987). H. Brockmann mud A. 
Bume. IM., 249, 176 (1987). 

w O, A. D. HMlewood and J. C. Drummond. J. Sae. Chem. tnd., 55, 598 (1936). 

H. Bradcmana and A. Bume. Z. fkyM. Ckem., 254, 252 (1988). 

K. C. D. Hickman, Jnd, Bmg- Cktm., 29, 1107 (1987). 
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and extracted with petroleum ether and water, whetdby the tachyster(d* 
citraconic add adduct remains in the water phase, while the vitamin D 
goes into the petroleum ether. The vitamin D is then crystalhzed from 
acetone at low temperature and recrystallized from acetone-methanol. 

In another method used for the isolation of vitamin D after irradiation 
of its provitamin, a characteristic, sparingly soluble ester ctf the vitamin, 
such as the 3,5-dinitro-ben2oate,*" is prepared. This can be purified by 
fractional oystallization and the pure vitamin D is obtained by saponi- 
fication of the ester. 

The vitamins D form addition products very easily with other com- 
pounds, espedally with substances that contain hydroxyl groups. This 
behavior is, of course, not characteristic for the vitamins D, for it is found 
in the case of many chemicals and especially of sterols. In the case of the 
vitamins D, this problem is, however, of practical importance. Thus, 
the vitamins D crystallize with the solvent of crystallization, and especially 
with water. The molecular compounds which the vitamins D form with 
other sterols are even more anno}ring. Thus, vitamin D* forms an addi- 
tion product with lumisteroli (to give the so-called vitamin Di), and 
vitamin Ds forms an addition compound with the irradiation product of 
iso-dehydro-cholesterol,^^‘ which occurs as an impurity in the synthetically 
obtained 7-dehydro-cholesterol. 


16. Properties 

All the known vitamins D, in the pure state, are white, odorless crystals. 
They are soluble in fats and in the usual organic solvents, for example, 
in ether, chloroform, acetone, alcohol and are insoluble in water. They 
exhibit a characteristic absorption spectrum with ohe maximum at 265 
nifi (in hexane and in ether), the molecular extinction coefficient e » 1.82 X 
m [K = 45 - 46 X 10*1 (Fig. 21). 

tntumnD.: 

M; p. 116-117* C. [al’l? « -i-103* in abs. alcohol. -1-82.6' in acetone, -1-33.3* in 
petroleum ether, -1-91.2® in ether. 

3,5-Dinitio-benzoate: M. p. 148-149®. [aj? ” -f65® in benzene. 
p-Nitto-benzoate: M. p. 93*. [a]* * -1-104® in chhmifonn. 

Stability: Crystallized vitamin D|, sealed in the absence of oxygen and stored in the 
absence of light at 2* C., is stable over a period (rf many months. When dissolved 
in olive <dl and kept untter similar conditions, more than half dt the original amount 
is still present after five years. Vitamin Dt is thermolabile. Althoui^ it can be 

P. A. Aakcw, U. B. BontditloB, H. M. Bruee, R. K. Caliew, J. S. L. PhOpot and T. A. WebMw, 
Frot. Koy. Sec. (/.omlm), BIOS, 488 (1988). 

H. Bncknaan sod A. Bwm, ValurerftMiuckWItai 36, IZI (1988). 
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sublimed at 125* C. in high vacuum, decomposition occurs at this temperature. 
The two thmoal decomposition products, pyro-calciferol and isopirro-caldferd, are 
usually obtained by heating to 160-190* C. 

Efficacy: 1 g. contains 40 million International ITnits vitamin D. 

mm- 

2.5 



_L 

350 m/i 


Fig. 21.— Absorption spectrum of vitamin Dt 
(0—0) and of vitamin Dt (X — X) in 0.02% 
solution in hexane. (H. Brockmann.) 


VitcminDi: 

M. p. 82-83* C. » +83.3* in acetone. 

3.5- Dinitro-benzoate: M. p. 129* and 140* C. (polymorphic). la)*® ■■ +98* in 

chloroform. ^ 

^Nltro*benKMte: M. p. 127*. (a]*. <- +114* in chiorpform. 

Vttaadn !>.:«*> 

M. p. 107-108*. fa]? -> +89.3* in acetone. 

3.5- Diiat»-ben8oate: M. p. 13fr>136*. lafS - +9S.4* in acetone. 

A. Wiadaua, and G. Trairtiiiaaii. Z. pttysUU. 247, 1$6 <ltt87). 
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17. Cheoikal Constthttion 

Tbe chemical constitutitHi d the vitamins D is dosdy related to the 
coostituttoa d the provitamins, from which they can be derived. As 
pointed out on page 350, the provitamins differ from each otiier only in 
the number d carbon atoms in the side diain and the degree of unsatu- 
ration. The sterol skeleton is the same for all provitamins. This is also 
true for the vitamins D derived from the provitamins D. All dienucally 
investigated vitamins D have the same constitution with the exception 
of different structures of the side chain. 



Fig. 22. — ^Mdtins point diagram of lumisteroi 
and vitamin D,. (A. Windaus, K. Dithmar and 
E. Pemholz.) - 


While the details of the chemical constitution of all the vitamins D have 
not been investigated, the constitution of vitamin D* or caldferd, which 
is derived from ergosterol, has been totally elucidated. The constitution 
of the other vitamins D can then be deduced by analogy and in the case 
d vitamin Ds, which is obtained from. 7-dehydro-cholesterol, this deduc- 
tion htu been proved to be correct 

(a) The Constitution of Vitamin Di 

Vitamin has the constitution d a molecular addition {nroduct of 
vitamin Di with lumisterblt (see page 375). This has been shown by 
determinatuMi of the melting point diagrun (Fig. 22) obtained by mixing 
various amounts of the two onnponents. 
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(b) The Constitution of Vitamin Dt 

Vitamin D* has the empirical formula CagH440.*** It is ther^ore an 
isomer of ergosterol, from which it is derived. The constitution of vitamin 
D* can consequently be linked with the structure of ergosterol (see page 
» 50 ). 

The oxygen present is in a hydroxyl group in the vitamin Dj molecule, 
as is evident from the formation of esters. 

Vitamin D2 (I) contains four double bonds, since upon catalytic hydro- 
genation four mols of hydrogen are absorbed (II). 2^* On the other hand. 




Dihydro-vitamin DjJ 


CcHtCOfH 




A. WindauB. F. v. Werder hiuI «. Gwhuidcr. 1106 (1932). 
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titration with perbenzoic acid indicates only three dF the loor douUe 
linkages. But the presence of the fourth double bond can be demonstrated 
as follows: Upon reduction with sodium and alcohol two different dihydro- 
compounds are formed — dlhydro-vitamin Djf and II (III). Compound I 
has also been obtained by sodium reduction of tachysteroU, as previously 
mentioned. This derivative contains three double bonds,*" all of which 
react with perbenzoic add, to form a (nystallized trioxide (IV).*" These 
results indicate that vitamin D2 contains one double bond more than 
ergosterol, which in turn means that one of the four rings present in ergos- 
terol has been opened, since vitamin D2 contains only three rings according 
to its empirical formula and the number of double bonds present. 

All sterols yield upon dehydrogenation with selenium the same charac- 
teristic hydrocarbon, y-methyl-cydo-penteno-phenanthrene. In accord- 
ance with the conception that vitamin D2 does not contain the tyfucal 
four-ring system of ergosterol, the typical dehydrogenation hydrocarbon 
could not be obtained upon reaction with sdenium.*" Vitamin D| has 
this property in common with tachysteroh as previously described. 

Of the four double bonds, one is in the side chain as in ergosterol, since 
methyl-isopropyl-acetaldehyde (V) is formed upon ozonolysis of the 
vitamin.*" The other three double bonds are in conjugation to each other 
as must be concluded from the typical absorption spectrum and its ex- 
tinction coefficient. The fact that at least two of liiese linkages are in 
conjugation is shown by the formation of an addition compound of the 
acetate of vitamin D2 with maleic anhydride (VI).*" Upon saponifica- 
tion, the latter yields a dicarboxylic acid which by reaction witii diazo- 
methane is converted into a. dimethyl-ester (VII). This ester has been 
obtained in two isomeric forms. Upon catalytic hydrogenation of the 
mixture of the two esters, a dihydro-con^Kmnd is obtained (VIII). This 
compound, upon oxidation with ozone, does not yield the methyl-iso- 
propyl-acetaldehyde, which proves that the double bond in the side chain 
has been reduced. The reaction product of the ozonolysis is, however, a 
saturated ketone of the empirical formula C12H14O (IX), according to the 
analysis of its semicarbazone and its oxime. The ketone contains, there- 
fore, two rings and the side chain of the vitamin D, as evident from the 
number of hydrogen atmns present. The number of carbon atoms present 
reveals that tte two tings contain cmly the original side chain and the 

A. Wiadaiu and C. Roona-Ruagc, Z. physiot. Cktm., 380, 181 (1939). 

”• S. V. Reidial aad M. Ocpp*. tbU.. 239, 148 (1986). 

«> H. I.ettr«, Ann.. 811,380 (1984). 

» A. Ouiteru. Z. Nakaoiixa and U. H. tahoSaa. ibU., 494. 116 (1988). 

A. Wladaaaaad W. Thtait. JHd., 831, IM (1988). 
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original angular methyl group between the rings C and D. The keto- 
group is therefore rituated in what was originally ring C. In ergosteroi, 
ring C is connected with ring B through carbon atoms 8 and 9. The 



Mxy 

(VI) 




(farmiU pati.) 
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keto-group in the ozonolysis reaction product from the vitamin derivative 
indicates that in the vitamin molecule only one linkage exists betwem ring 
C and what was ring B in the etgosterol m<decule. In Edition, the forma- 
tion of a ketone shows that ting C is connected with the rest the molecule 
by a double bond. It follows that in vitamin D* ring B exists no longer, 
but has been opened. Ring cleavage has occurred between carbon atoms 
9 and 10, for a keto-group at carbon atom 9 in the ozonolysis reactimi 
product is impos^le since a double bond cannot exist between carixm 
atoms 9 and 10 due to the fact that carbon atom 10 is quaternary in etgos- 
terol. It is then concluded that one double bond in the vitamin Dt 
molecule is in the 7,8-positioq. The constitution of rings C tmd D and oi 
the side chain is therd>]is. estabUshed. 

The constitution of ring A and its connection with ting C through what 
was ring B in the ergosterd mdecule has been ducidated as fdlows: The 
dicarboxylic add (VII), obtained 1^ tnaldc anhydride addition to vitamin 
Dt fdtowed by hydrdysis, yidcb upon a platinum del^ydrognwtion, 
naphthalene (X) and naphthdc add pCI). Upcm ddiydtpgetution of the 
diester of the dkarbaxylic add with sdenium, 2,3-dimethyl-i»phthalmie 
(XII) is obtained. The methyl groups in the latter oonqxMmd are derived 
from the cm'boxyl groups as can be drown by dehydrogenatum ci dmflar 
dicarboxylic add esters.*** The results ci the di^ydrogenation eaqroi- 
ments must be interpreted as meaning that by addition of the maleic an- 
hydride to the vitamin, a faydrcmaphthalene tterivative is formed. Ihis is 
possible oidy when the two adufithmal unacoounted-fw double bonds, which 


^ W. Hilde «SMl C. Mtttnmim, ^ 294i <I99A). 
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an in amjugation with the double bond at the 7,8-poation, an in the 5,6> 
and 10,18-positions. The addition of the nuddc anhydride occurs then on 
carbon atoms 18 and 6. Thenfon, the constitution of vitarhin Ds is that 
indicated in formula (I). The formula may also be written in the form 

aA). 





(lA) 

Dt 

The structun of vitamin Di as deduced indicates the presence of a 
methylene group on carbon atom 10 instead of the methyl group present 
in ergosterol. This was, furthermore, proved by oxidation experiments: 
permanganate in acid solution )rields formic acid, and ozone yields fmm- 
aldehyde.”' 

These oxidation experiments give further evidence on the constitution 
of vitamin Ds. Permanganate oxidation 3 rields, besides formic acid, the 
unsaturated ketone (XIII), which can be characterized as the semicar- 
bazcme and oxime. By selective hydrogenation of the double bond there 
is obtained the same saturated ketone (IX) that was found in the direct 
oxidation of a 22-dihydro-derivative as previously described. Oxidation 
of the vitamin Ds with ozone 3 rields, berides formaldehyde, the keto-acid 
(XIV), wluch is obtained by cleavage at the double bonds between the 
carbrni atoms at the 7,8- and 22,23-positions. By careful oxidation td 
vitamin Ds with dnomic acid, rupture occurs at the double bond in the 
S,6-porition and the doubly unsaturated alddiyde (XV) jcan be isolated.^ 
The ccmstitution assigned to this aldehyde is'in agreement with the result 
of its ultraviolet qiectrum, which indicates the presence of an a,j8-un- 
saturated oxo-group. 

M A. Wtfldaitt mud W- GrundmiiAti. Ahm,, SZl, 160 (1985). 

1. M. Heilbron, R. N. Jonet* K. M. Smmwt tud P. S. Springs Ck 0 m. $oc„ 19I6» 005. 
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CHiO H-COOH + 

Oi KMn04 

o> 

(I) 


|Cr(), 



(XV) 


Upon heating vitamin Di (calciferol) in the absence of air at 160-190**, 
pyro-calciferol and isopjrroK^lciferol are obtained. These products are 
of interest in the determination of the structure of vitamin Ds and also in 
the isomerisms involved in the photochemical activation oi ergostoxA and 
the destruction of the formed vitamin D. Pyro-calciferd and isopyro- 
cakiferol crystallize as molecular addition products and can be sqianited 
after acetylation by fractional crystallization. Neither oi the two pyro-. 
compounds shows antirachitic activity. 

Analysis and molecular weight determinations indicate that the two 
compounds are isomers of eigosterd and of vitamin Di. According to the 
results obtained upon catalytic hydrogenation*** and according to titrations 
with perbenzoic acid,*** the pyro^xnnpounds ccmtain three double bonds. 
Hence, a ring-closure is involved in the formation oi the p)rro-compounds 

M. M«ltcr, Z. pkytM. Orm.. ZSS, SSS (tWIS). 

P. Biuw, IM., 21«, 2U <1S88). 
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from vitamins D. Upcm ddqrdrQgenation sdeniam, Y*methyl* 

cydo^penteno-pbenantliretie is <^taiiied,** duxning tiiat the b^c sterol 
akdeton is present. Ibis indkatodiat the iing-do8ureooetnredl>etsreai 
the same caibon atoms that srero involved in the ring deavage during the 
activation process of ei^[osterd. Of the three doiible bonds, one is in- 
ferred to be in the original 22,23-positi(m. The other two are in conjuga- 
timi with each other rince both pyro- and isqpyro-caldferd react with 
maldc anhydride to yidd addition compounds. Ihe double bonds are 
furthermore rituated in the same ring, since upon nitric add oridation, 
toluene-2,3, 4,5-tetraiearboi^c add is obtained.*** The difference be- 
tween pyro- and isopyro-caldferd is evident from the fact that isopyro- 
caldferol forms an addition compound with digitonin whereas pyro- 
caldferd does not Furthermore, p}n‘o-calcifercd, but not the isop^o- 



Lumisterd Isopyro-caldferal 



mma. IaiMa«i 4m., 4H, IM (IStS). 
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isomer, foma upon deliydrogeiiation with eosin in the presence of -visible 
li^t a Umoleoilar compound,*** as does ergosterd. Isopyro-cak^erol 
has properties very dlnular to those of ergostod in contrast to the other 
products in the irogdiatiott series from ergosterol. Moceova-, botii ergos- 
terol and isopjrro-caldferd form upon ddiydrogenatimi with mercuric 
acetate the identical compound, dehydro-ergosterd,**' wUdi differs from 
ergosto-ol in an additiond double bond at the 9,11-position.*** On the 
other hand, pyro-caldferd when subjected to the same treatment yidds 
a ddiydro-dmvative whidi is identical with that obtained by dehydro- 
genation of lumisterd.*** Thus it is evident that ergosterol and isopyro- 
caldferol differ only in the spatial arrangement at carbon atom 9, while 
lumisterd and pyro-caldferol differ only in the spatial arrangement at 
carbon atom 10. This series of reactions proves, furthermore, that the 
only change involved upon conversion of ergosterd into lumisterol is an 
epimerization of the substituents at carbon atom 10. 

After the pyro-caldferds were shown to be steredsomers of o-gosterd 
and of lumisterol, it became interesting to study the changes which occur 
upon ultravidet light irradiation of the pyro-compounds. The results*** 
indicate that an entirely different reaction mechanism occurs. While the 
pyro-compounds are not stable to irradiation, no indication of the existence 
of intermediate products is obtained by following spectroscopically the 
changes occurring during the irradiation. No antirachitic substance is 
obtained. The end-i»oducts of the photochemical process are obtained 
in crystallized form, but these compounds show no absorption spectrum 
in the critical region between 240 and 310 m^. On heating, the irradiation 
end-products are reconverted into the two pyro-compounds. This suggests 
that a ring deavage timyar to that obtained on irradiation of ergosterd 
does not occur upon irra^tion of pyro-caldferol and of isoj^ro-caldfeid. 
The changes involved appear to indicate only that a rearrangement of 
the two double bonds in ring B occurs so that th^ are no longer conju- 
gated. Upon heating, the conjugation ot the double bonds is restored. 

(c) The Constitution of Vitamin D$ 

The constitution of vitamin D*, which can be derived from 7-dehydro- 
cholesterol, has been inferred by analogy -with the {moved constitution of 
vitamin D| to be as follows (I) : 

» T. sad P. S. SSriat. J. Cli*m. Sat.. ISSS, SW. 

•’ a. WladkM and K. Dtamptb. Btr., 90, 879 (1M7>. 

M. MttUw. Z. Sk9*Ul. Ck««.. SSI. 78 (1988)., 

"■ 1. M. BEcBtean, P. S. Spriw «ad P. A. StMract, /. Clum. Set., 1988, 1881. 

■* K. DiauvUt, a«r.,'9a MSI (MST). 
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Upon oxidation of vitamin Ds with ozone formaldehyde, a satuiuted 
ketone (II) and an unsaturated aldehyde (III) are obtained. These mve 
been characterized by semicarbazone and by 2,4-dinitro-phenyMiydrazpne 
formation. These oxo-compounds are formed by cleavage of the 10,^8-, 
the 7,8- and the 5,6-double bonds, exactly as ozonolysis of vitamin ut 
splits these double linkages. The formula of vitamin Ds is thereby 
indicated. 

Vitamin Ds upon pyrolysis yields*®* pyro-vitamin Ds'and isopyro- 
vitamin Ds in strict analogy with the previously discussed formation of 
the pyro-compounds from vitamin D*. The Ds compounds yield, as do 
the Da compounds, upon dehydrogenation with mercuric acetate two 
dehydro-derivatives which are identical with those obtained from lumi- 
sterols and from 7-dehydro-cholesterol, correspondingly. 

(d) The Constitution of Vitamin Di 

Vitamin D 4 is obtained by activation of 22-dihydro-ergosterol. In 
view of the structure of the vitamins Ds and Ds, the constitution of 
vitamin D 4 is bdieved to be the following:*®® 



«u A. WIndaus. M. Deppe and W. Wusderllefi. Ann., S33, 11$ <1987). 

H. Bnckfnamt and A. Bum. Z. physiol. Chem., 856, 252 (1938). 

M A. WitidaiUi^ M. Deppe and C. Rootea-Runge, 937, 1 (1888). 
A. Wfudauf aud G. Trautmann, Z. physiol, Chem., 247, 186 (1987). 
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(e) The Cen^UutioH of Vitamin D$ 

Vitamin Dt is antiradiiticaBy activated 7-delqrdro-sitosterol and should, 
therefore, have the leihnnng constitution: 



(/) The ConstUidion of Other Vitamins D 

On the l-tasis of the known constitutions of the vitamins D* and Da, the 
general formula of any vitamin D is believed to be represented by (I), 
wherein X stands for the side chain, the constitution of which varies with 
each member of the vitamin D group: 



It has been previousl;^ stated that not all of the members of the na-- 
turally occurring group of vitamins D have been isdated and therrfOTe 
their chemical omstitution is still obscure. 

A new vitamin D has been isolated from cod liver oil (vitamin Da (fj), 
the chemical constitution of which is not known, ^nce it has a boihng 
point whidi is considerably loww than that of the rest rrf the vitamins D 
occurring in cod Uva: dl, it has been suggested that it may not have a 
side chain at all or cmly a very small one.*** It is, of course, possiWe that 
this vitamin differs fnun the other known mes in stereo chemic al arrange- 
ment at one or more of the asymmetric carbon atoms. The estabUdunent 
of the structure of this new vitamin must await its isdation in crystallize 
fam. 


C. E. aim, O. N. MMMncale, K. C, D. HSckmBn Mid B. J.. Orey. J. Hiat. ltd, Ul (103SI. 
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18 . SyatlneBis 

Aside from the previoudy discussed partial syntheses of vitamins D by 
activation from provitamins, no vitamin D has been obtained synthetically. 
The totsd synthesis of one of the vitamins D would be of considerable 
thewetical interest, mainly in order to study the exact stereochemical 
relations of the si^mmetricsd carbon atoms. Attempts have been made to 
synthesize part at the molecule, that is, the ^stem of three conjugated 
double bonds with the attached cydo-hexsme rings. The following com- 



pounds, I,^ II**' and HI,*** have been obtained by total synthesis. The 
tmtirachitic efficacy of these compounds 1ms not been investigated. 


19. Industrial Methods of Preparation 

There are a number of different vitamin D preparations on the market. 
Some of these originate from fish liver oils whidi have been processed 
acccaxling to the methods described for the preparation of vitamin A from 
fish liver oils. Percomoiph liver oil, cod liver ml and halibut liver oil are 
<^ered for human consumption, while the oils of other fish are used for 
animal food. 

Besides the sale of the natural product, vitamin D prepared by activa- 
tion ci provitamins D is also marketed. Many of the commercial prod- 
ucts are combinations of several forms of vitamin D. The activation is 
catried out according to the various methods described, but especially by 
ultraviolet irradiation and by bombardment with low velocity electrons. 
Quite a number of modifications of these two processes hai« been patented 
and are actualfy emfdoyed. The provitamins whidi are used commer- 
dafly have been discuss^ on page 365. ~ 

Commodally important are the food products whidi are fortified with 
vitamin B, such as bread (containing International Units to the 24- 


» K. A. Mflu Md W. L. AMawm. J. Am. CAm. Sat., «1, 2SS4 (1939). 

•> K. Diaitatb, Bm.. 71, 1338, 1346 (1936). K. Oiauotk Bad B. lohaioa. JU4., 71. 3663 (193». 
s* J. fi. Aldenrfey mad G. N. Burkhmrdt, J. Ckim. Soc.. tPSfs 645. 
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ounce loaf) I breidcfast cereals, margarine, etc.* Besides the actual additimi 
of 'ritamin D, sotoe foodstuffs are themselves irradiated, thus gaining anti* 
rachitk efficacy. . 

One of the most suitable carriers for vitamin D, as far as human nutri- 
tion is concerned, is milk. Milk can be fartified in its natural vitamin D 
content by tbe following methods: 

1. A vitamin O ccmcaitrate in oil is added to yield milk of a potency of 
at least 400 International Units per quart.*** 

2. A solution ot vitamin D in a suitable scdvent, such as propylene 
glycol, is added. 

3. Cows, upon irradiation, for example, with the sun or with artifidal 
ultraviolet lights secrete a milk of increased vitamin D potency,**® that 
has up to 40-50 International Units per quart. 

4. Cows are fed with vitamin D, 'isually with irradiated yeast. The 
tnillt secreted by such cows contains “metabolized” vitamin D and is 
standardized to contain not less than 400 International Units per quart. 

5. The milk itself is irradia'ted, therein converting the provitamin D 
content into vitamin D. This procedure, which is one of the cheapest, 
is also one of the most difficult since an unpleasant taste and odor are 
earily produced by ult];avidet irradiation.*** Quite a number of process 
modifications are bring used and have been patented.*** The irradiated 
milk is standardized at 135 International Units per quart, but up to 200 
International Units can scmietimes be produced. Irradiated milk is there- 
fore of obviously low potency. 

For pliriiml use vitamin D is marketed in oil solution or in solution with 
a suitable organic solvent, sudi as propylene glycol, ethers of polyhydro^- 
alcohols, for example, glyterol-diethyl-ether and dimethoxy-triojqr-hexane, 
oxalkyl-ether and alkoxyethyl-ether of polyhydroxy-compounds and fatty 
add amides, for example, ethyl-acetamide. Collridal solutions oS vita- 
min D in water can be prepared that are sterilized by the ^>plication of heat. 

For general use by the public, vitamin D is available also in the form of 
emulsions, tablets, capsules, tonics and malt prq>arations. 

20. Biogmeria 

The biogenesis ot the large amounts of vitamin D found in fish is a much 
discua»d problem. It seems impossilfie that these great quantities 

** T. P. ZydBV, Am. .r. Pm». HmM, ts, 10 a«28). 

"* J. B. CanploB, K. it. Btarr. S. K. Kon mad J. MacUatoih, Bioikem. St, 81 (19S7). H. B. 
Htchtd mad C. A. Happart, J. STaNMaa. 11, 6S7 (1BS6). 

«> K. G. Wadwl mad H. C Jackaoa. Paod Btiunh, 1. 4U (1«W). 

”* See the nviev bp W. Olawair, CSam. PatrM. 14, SI (1941). 
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originate from provitamins in the sldn ol fish, since not enough ultraviolet 
radiation is available for their convarsion. Furthermore, as has been 
proved for the catfish at least,*” fish are very sensitive to ultraviolet 
irradiatiim, and the amount of vitamin D {Noduced imder the influence of 
l^t is negligible. Since, howeva*, ultraviolet light penetrates both fresh 
water and sea water for about three feet,*** the possibility has often been 
considered that vitamin D is produced in the plankton and in algae which 
in turn constitute the ncmnal food supply of fish.*** Actually small 
amounts of vitamin D have occasionally been found in marine micro- 
organisms.***- *** It seems questionable, however, that this is a{ logical 
explanation of the presence of vitamin D in fish oil. The type of vit^ lin D 
in microorganisms is, at least as far as is known, not the type of vitamin I) 
found in fish, since the vitamin D from microorganisms is relatively in- 
active when fed to chickens, whereas the vitamin D from fish oil is generally 
highly active. If, then, the vitamin D present in fish actually originates 
from the vitamin D in microorganisms, the h 3 rpothesis must be accepted 
that the chemical structure of the vitamin is altered in the animal organism, 
which is very unlikdy. 

Another explanation offered is that the fish organism may contain an 
enz 3 une ^stem which takes care of the conversion of provitamin D to 
vitamin D. Whereas it is certain that no such enzyme system exists in 
humans or in chickens, the actual presence or absence of such an enzyme 
^stem in fidi has not been demonstrated. 

Instead of the existence of an enzyme ^tem, the so-called mitogenetic 
radiation (Gmwitsch-rays) has been postulated to cause the transition of 
provitamins D to vitamins D.*** It has been claimed that energy metabo- 
lism in the growing cell causes the production of ultraviolet rays cff about 
190-250 mfi which play a special role in the growing tissue. These rays 
may cause the production of vitamin D in fish and in man. Since oifly 
prdiminaiy resets have been published, it seems too early to pass any 
judgment on this subject. Some investigators deny the existence of the 
mitogenetic radiation.***- *** 

«• C B. Bitli, J. Bid. Chem., 72, 7S1 (1027). 

04 H. H. Darby ud B. T. aarke, Stkutt, 8S, 318 (1937). 

H. Steeabock aad A> Black, J. Siol, Chem., 64» 268 (1925). 

«« H. K. Darby and H. T. Clarke, Stienct, 88, 818 (1987). 

^ A. M. Coppiok* Bioehem. Z., ZB, 1816 (1984). J. C. Dnunmond and U. R. ('.finther, J. Exptl, 
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Finally, the theoiy oi a totid vitamin D synthesis in fish has been 
brought forward. \l^ie this theory appears plausible and posalde, the 
experiment evidences’*' offered to prove this thesis are not condusive. 

The origin of vitamin D in hfgher animals is an entirdy different problem. 
Higher animals are not aide to ^thesize vitamin D, at least not in suffi- 
cient quantities, as is evident by the incidence ot rickets. The previously 
discussed mitogenetic radiation may produce extremely small amounts 
of this vitamin from jn’ovitamin present in the tissue. If this is the case, 
then the susceptibility for rickets sometimes observed in infants may be 
explained***' *** on the bads of a failure to produce enough radiation or tm 
the basis of an absence of provitamins. 

There is no question but that normally a considerable amount of 
vitamin D is gained by exposure of the animal and human body to the 
sun. It is assumed that the vitamin P thus formed is absorbed into the 
blood stream. However, the mechanism of this reaction is not d^. 
The skin of various organisms— of humans,***- *** cattle,*** of pigs,**** 
etc. — ^has been shown experimentally to contain provitamin D in an amount 
which is at least 10 and probably 100 times greater than the amount fmmd 
in the inner parts of the body. Attempts have repeatedly been made to 
determine how deep tdtravidet radiation from the sun is able to penetrate 
through the epidermis, but no conclusive data have been obtained. While 
most workers believe that ultraviolet rays penetrate hmnan skin only 
slightly, that is, 0.1 mm.,*** it lue been argued that the dq>th of penetra- 
tions depends on viability and may go through living tissue for 1.2 mm.*** 
It has also been stated that provitamin D may be secreted by the sebaceous 
glance and that the vitamin D after its formation is absorbed by the skin. 
That the hiimasi skin is able to absorb vitamin D has rqieatedly been 
shown*** but it is unlikely that the sebaceous glands excrete provitamin D. 
It has, however, been r^xnted*** that thorough, wadiing of Iniman ddn 
and subsequent irradiation failed to provide enough activation to prevent 
serious defiden^. This dwervation requires ctmfirmatum, however. 
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In birds, the production of vitamin D by suulight is apparent stiD 
more complicated. It has been suggested***' *** that the preen g^and 
excretes a provitamin D>containing idiich is distributed av&r the feathers 
and after exposure to sunlight is eitlttr ingested or absorbed through the 
sldn. This could, however, not be proved aqperimentaUy.*** Further* 
more, no provitamin D could be detected ^>ectrtficopically in the sterol 
fractimi from preen glands.*** It has furthermore bear shown that irra- 
diation of the feet of chickens without preen glands cured rickets,*** and 
the presence of provitamin D in the feet has been proved.*** 

llie site of vitamin D formation in fur-bearing animals is alsb largely 
unknown. It has been claimed*** that rats which are prevent from 
licking their fur develop rickets. On the other hand, the skin oi rabbits 
was shown to be antiradutic, the dorsal skin more so than the v^tral,*** 
but only in normal animals, not in those suffering from rickets. 

The formation of 'dtamin D in the organism is subject to seasonaiwatia- 
tion due to the seasonal diange ai sunlight. Thus the incidence of rickets 
in the northern hemisphere is the greatest from Jamtary to March. Similar 
seasonal changes can also be demonstrated in the 'vitamin D content of 
milk*** and of eggs,*** which contain maximum amounts during the summer 
months and minimum amounts during the late winter months. 

i 

21. Specificity 

In discusting the specificity of vitamins D a differentiation is made 
between “compound specificity” and “species specificity.” Compound 
specificity is the response to various forms oi vitamin D by one given 
species. Species specificity is the efficacy oi one given form of vitamin D 
for various species. 

The basis for all statements r^^arding specificity or efficacy of vitamin D 
is tlMt rat test. Each form of vitamin D has a certain number oi rat tmits 
per gram of the pure product. These rat units are expressed in Inter- 
national Units or in U. S. Pharmacopoeia Units which are based on the 
^cacy of vitamin D*. This method of referring to the Intemational 

•>H.C.Hoii, CMiMw/.Myrio(..2,S45(193$); S, 171(1929); 4,79(1980); 5,11(1931). 

W. aomn. Niun, 131, 828 (1938). 

•« a. a. Koowlci, B. B. But and J. O. Halpin. Peultry Sti., 14, 8k (1985). 

fK H. XL. UDDiibliihcd czDcriiOfiiitt. 

M H. C. How, CMmm /. Physia., 2 , 845 (1928); 8, 171 (1929); 4, 79 (1980); 8, 11 (1981). 

M* B. awUiOK. SfrMtiaitrapit. 25, 688 (1927). 

«• U. C mm aad B. Tto, CUwMt /. PtyfM.. 4, 98 (1980). 

J. B. Camiiled. K. M. Hoirr, S. X. Koa ud J. MacUnttah, Btodwia. J., 81, 81 (1937). H. B. 
BaehW and C. A. Hoppart, /. HtOriUmt, 11, 587 (1986). 

m o. M. OaVaacjr, H. B. Moatril asd H. W. TltiM, PanUry Set., 13, 318 (1988). 
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Unit of vitanun D is, however, cndy justified in a discusaon regrading the 
“compound specificity.” For the determination of the “q)ecies specificity” 
the Intematicmal Units proved to be inadequate, since vitamin Di has 
a very low efficacy on chides. There appears to exist a very definite 
^edes spedfidty at least for the organisms which have been investigated. 
Thus, one rat unit is not necessarily one chick unit or turkey unit ot man 
unit. The difference between rat units and man units appears to be (mly 
slight. The difference between rat units and chick units is, however, very 
significant. In the following table the compound and spedes spedfidty 
are summarized for the vitamins which have been investigated. 


Table VI 

Compound and Spbcibs SPBCiPicrrY op Known Vitamins D 


l^rovitamiii D 

Vitamitt D 

Rat efficacy of pure 
vitamin D per gram 
in Standard Units 
(1 S. U. » 1 milUon 

L U.) 

Chick efficacy in 
% of rat activity 

Ergosterol 

Vitamin Di 

40 S. U. 

1-3 

Epi-ergosterol 


Unknown, but 




active 

? 

7-Dehydro-cholesterol 

Vitamin Dt 

40 S. U. 

100 

£p]>7-dehydro<cholesterol 


4S. U. 

? 

22-Dihydro-ergosterol 

Vitamin Dg 

20-30 S. U. 

20*®* 

7-Dchydro-sitosterol 

Vitamin Dg 

1.3 S. U, 

Less than 100*®* 

? 

Vitamin D«(?) 

? 

20-50 

7-Dehydro-stigtnasterol 


0.1 s. u. 

? 

22423-Oxida^gosterol • 


Only "feebly” 




active*®* 

? 

Mussel provitamin D 


40 S. U.*®* 

100*®*' 

^‘*^-Androsta>diene-diol* 

3.17 

3-Hydroxy- A^'^-choladienic 
acid 

Dihydro- 

O.IS. U.*®® 

0.1S.U.»®» 



tachysterol 

0.2 S. U.»®® 



«» F. C. MeDonalA, J. BM. Chtm., 114, LXV (1986). 

"* W. Cnb, Z. phytiot. Clum., 248, 68 (1986). 

»• A. Wiadsttt, Uosal ud K. Buchhols, qaoted bjr K. Dimroth aod J. Paluid, B*r.. 72, 187 (1989). 

A. 0. Beer, J. y«b Niefcerk, B. H. Reerbik end A. vu Wiifc, U. 8. P. 2.168,669. 

•* J, vao Niekerk ead F. Fiaafccn, Acl» Brnia Ntirtand. Pkyaiet. Phormaetl. UitrtkM., S, 18 (1988). 
ew A. Butcoaadt, B. Haimuuia, I. Felaad, D. voa Dredcr ead 1). Mciaefts, Brr., 71, 1816 (1688). 
K. Diemrtti aad J. Palaad. tUd., 72. 187 (1989). 

•" O. A. ». Badmoed, Biatkam. J., it, 464 (1989); J. Ckam. Soc.. 1988, 224. 

"■ F. V. W«^. Z. pAyrM. Cktm., 260, 119 (1939). 
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Compound, Specificity 

The results of the compound iqiecifidty tests need further interpretation. 
It will be recalled that none of the activation intmnediates is antirachiti- 
cally dfective at least in the amounts investigated. Thus, in wder to ob- 
tain vitamin D activity ring B of the molecule must be opened between 
Ct and Cu and the double bonds must be in the correct positions. The 
latter is evident from the inactivity of tachystendt. The most revealing 
result is the rdativ^ great specificity of rats toward small differences in 
the vitamin D nnffecule. Whereas vitamins Dt and Ds are equal^ active 
in rats, h}rdrogenation <ff the side chain double bond of vitamin 1a, which 
results in the formation of vitamin D4, decreases the activity considerably. 
On the other hand, activated 7-dehydro-stigmasterol, which differs from 
activated ergosterol by one additional methyl group in the side cl^n, is 
practically devoid of activity. Activated 7-dehydro-sitosterol, 
differs from activated 7-dehydro-stigmasterol only in having a saturated 
ade chtun and which differs, therefore, from activated 22-dihydro-ergo- 
sterol in one additional methyl group in the side chain, is somewhat more 
active. 22,23-Oxido-ergosterol shows only feeble activity, while the total 
absence of the side chain as in activated A*’^-androsta-diene-diol-3,17*' or 
the presence of a four-membered, carboxyl group-containing side chain 
as in the bile acid analog of vitamins D (activated 3-hydroxy- A‘’’'-ch61a- 
dienic acid)*‘* makes the compounds practically inactive. It is thus 
evident that considerable compound specificity rests in the structure of the 
side chain. An epimerization of the hydrotyl group in vitamin D causes 
a conado’able decrease in efficacy, although the activity is not entirely 
lost (Vio in the case of activated epi-7-dehydro-cholesterol). Vitamins D 
are furthermore only active when the hydroxyl group is free. Esters and 
ethers of vitamins D are inactive.**' Those esters whidi can be hydrolyzed 
in the organism are active. 

It has repeatedly been observed that vitamin D given in milk exerts 
a greater antirachitic response than vdien the same amount of vitamin D 
is i^ven in oil solution. While it is now believed*** that this effect is 
brought about by an optimum simultaneous intake of phosphorus and 
calcium as present in milk, it was stated that-^ tynergistic factor may 

A. Btttesmndt, S. Hautfsaan, J. Palaad, P. voa Drctler aad U. MciaerUi Bdr., 71« 131 A (1938) < 
IL XMauroth aad J. Paland, /Md., 72. 187 (1939). 

«<• C. A. D. Hafkwood, Biochtm. J,, 33. 454 (1989); J. Cktm, Soc,, 1938, 224. 

A. Wiadaus aad O. B^gh. Nackr, <ks. Wist. GdHiHitn. Math. phytHt. Klasse, UX, 202 <1928). 

»» B jO'Briaa aad SI. Morgaretdgc, J. NutrUion, Id. 91. 396 (1988); /. Bhl. Chsm., 128, LXXV 

(um. 
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be involved.. A S3miplex fonned ffon vitamin D and lactalbunun vras 
hdd responsible fw the alleged enhanced antirachitic activity.*'* 

A few compounds, which evidently have not the basic structure of the 
vitamins D, have also been found to exhibit antirachitic activity. Thus, 
in rats, the addition of iodine or iodides to the rachitogenic diet prevents 
or cures rickets.*'* Certain organic adds, espedally tartaric and dtric 
add,*'* are able to prevent or cure rickets in rats, but not in ducks.*'* 
These effects are dosely related to the add-base properties of the diet 
and its influence upon the devdopment of rickets (see page 426). It 
has been repeatedly shown that upon treatment of cholesterol with various 
chemicals, a compound or compounds are obtained which (without 
further activation) exhibit slight but definite antirachitic activity when 
tested on rats and which are rqxirted to show a chicken effectiveness of 
over 100%. The chemistry of these products is entirely unknown. The 
activation is confined to sterols, is somewhat specific to the constitu- 
tion of the sterol emplc^ed*” and does not materially activate the 
provitamins D. The reaction is brought about by fuller’s earth*'* and by 
aolfuric add.*'* The active compound was believed to be a monosulfo- 
nation product of cholesterol or cholesterilene. However cholesterilene- 
aulfonk add .was subsequently found to be inactive.*** Active prod- 
ucts were obtained by the treatment of sterols with KHSO 4 , CuSOi, 
ZnClt, AlClt) PsOt, tridiloro-acetic add, phosphoric add, etc.**' 

Species Specificity 

The chick is considerably more sensitive than the rat, as is evidoit from 
Table VI. On^ a few vitamins D have been tested on chicks. Vitamin 
Da and the vitamin derived from “mussel provitamin’’*** are highly active, 
while vitamin Dj is only slightly active. The vitamins D4 and D* (}) also 
have a definite, but slight chicken activity. As has been pointed out before 

G. C. Supplee. S. Ansbacher, R, C. Bender and G. K. Flanigan, J. Biot, Chgm.^ 114, 95 (1980). 

R. Lecoq, Compt. re»d„ 204, 1891 (1937). R. I^ecoq and R. Duffan, Compl. r*n4. toe. biol,^ 128, 
619 (1938). 

B. Hamilton and C. Schwarts, Am. J. Diuoses Children, 46, 669 (1933). B. Hamilton and M. M. 
Dewar. Ibid., 54, 548 (1937). A. T. Shobl, J. Nutrition, 14, 69 (1937). 

«• J. T. Correll. J. NutrUion, 21, 516 (1941). 

J. C. Bek and B. H. Thomas, J. Biol. Chem., 128, 267 (1939). 

*» C. B. Bills and F. G. McDonald, Ibid., 68, 821 (1926). S. K. Kon. P. Darnels and H. Stcenbeck, 
/. Am. Chem. Soc., 80, 2578 (1028). 

»» L. Yoder, Seienet, 80, 885 (1934). L. Yoder, B. H. Thomas and M. Lyons, J. Nutrititm, 0, Qttpfi. 
6 (1935). L. Yoder. J. Biol. Chem., 116, 71 (1986). J. C. Eck, B. H. Thomas and L. Yodm, Ibid,, U7, 
655 (1937). J. G. Bek and B. H. Thomas, Ibid., 119, 621 (1987). 

A. Windaus and B. Kiihr, Ann., 812, 62 (1037). 

•« J. C. Bek and B. H. thomas, J. Biol. Chem., 119, 681 (1937); , 188. 267 (1989). 

^ . van Ntekerk and P. Franfcen, Arlo Beevip NeerUtud. Fhytiot. Pharmueol. MicrobM,, 8» 18 (|8B8^* 
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in the general discussion on vitamins D (page 384), the “diicken activity" 
is a rdative figure indicating the effidency of a given vitamin D when fed 
on the basb ol rat units and compared with the same number of rat units 
of a "U. S. Reference Cod Liver (XI, ’’ the chicken activity of which has 
arbitrarily been diosen to hidicate 100% activity. In tifis connection it 
is also interesting to compare the chicken activity of the vitamin D in 
various fidi liver dls witii the cod liver oil (C. L. O.) as is done in Table 
VII. The probable experimental error (PE) invdved in the determi- 
nations is also given. 

From Table VII it is evident that the nattutd fish vitamin D is a/mixture 
d vitamins D and the conclusion has been drawn that at least one more 
vitamin D exists than is known today, since chickoi activities as^gh as 
200% and 300% have been observed. 

The turkey appears to have a spedes spedfidty which differs fro)n that 
of chicks. AlAough the difference between the chicken and Wkey 
activity is considerably less than the difference between chicken and rat 
activity^, it must be concluded that a chick unit of vitamin D is not neces- 
sarily identical with a turkey unit of vitamin D.***- The term “turkey 
unit” is used in analogy with the term “chick unit” and means the bio- 
logical response of one International Unit of vitamin D from U. S. Ref- 
erence Cod Liver Oil. j 

The eiBden<y with which man utilizes various forms of vitamin D is 
much more difficult to establish. There does not seem to be any question 
but that man can utilize vitamin D from fish liver oil, vitamin D* and 
vitamin Dt when administered per os. None of the other forms of vita- 
min D has been investigated. On the basis of the available experimental 
data it is believed that when given by mouth vitamin D* is more active, 
perhaps 1.5 times, than vitamin Dt.***^ This is espedally well demon- 
strated with babies in the shock therapy, ***• ***• **• and has also been re- 
peatedly observed by feeding infants daily amounts of vitamin D prophy- 
lactically**' **> **• and curatively,*** although some investigators believe 

T. H. Jttket and T. D. Sanford, J. Nuirition, 18» 71 (1089), 

«*« H. M. Scott. J. S. Hushes and H. W. Loy, Poultry Sci., 11, 177 (1982), P. D. Baird and D. J. 
Greene, Ibid,, 14, 70 (1985), 

** P. C. Jeans, J, Am, Mtd, Assoc., 100, 2066, 2150 (1986). 

m B. Oraser, Z. Kinderheiik., 01, 716 (1940). 

•** H. J, Hartenstein, Monatsschr. Kiudsrkcilk,, 70, Nos. 8 and 4 (1987). 

•«o. O. Ummpp, Klim. Woeksekr., 17, 890 (198^. 

» A. P. Bees, J. M. Lewis and H. Rivkia, /. Am, Med. Assoc,, 94, 1885 (1980). A. P. Mess and J. 
If. Lewis, IMd., 99, 047 (1982); 101, 181 (1988). 

Mi B. Brodnnann, KUn. Woeksekr,, 10, 1888 (1987). 

O. H. Drake, P, P. TIsdaU and A. Brown, /. Ptdiolrics, 9, 421 (1980). 
ilfft M. Uirii, /. ftMria. 10, tw aS37). S. HockI aad avvitdi, IhU., 11, Ml (tvST). 



Tabu VII 

RbLATIVB EFtBCnVBNESS OT VITAIIIH D FBOX DlFBBBBNT SOOBCES FOB 
_____ Rats ahd Chickens 


ViUiiiiiif given per 
100 gm. diet 


RcQMniae obtetned 


Oil. No. 


Name of Sih 
(or sterol) 


I.U I.U. 


1 

2 
3 
3 

3-r 

.3.x 

7.0 

7-0 

12 

12 

18 

14 

14 

16 

16 

16 

17 

18 
16 
20 
20 
21 
21 
22 
22 
23.0 
24 
26 
26 

27 

28 
20 

30 

31 

Control 

Control 

Control 

Control 

Control 

Control 

Sterol 

Sterol 

Sterol 

Sterol 


Sterol 


iHnlilmt 

Roond-ttosed sole 
Tuna. blneSn (Cal.) 
iTima. blueStt (Cal.) 
ITana. blue&n (Cal.) 
Tuna, blueSn (Cal.) 
Tuna. New Bnglaad 
|Tuna. New England 
Albacore 
Albaoore 
Tuna. yellowSn 
jTuna. striped 


514 

160C 

1 

11< 

4: 

8 

3(i 

4( 

fi 

27 

4C 


daise oil 
r. orgosterol 
r. ergosterol 
r.orffostefol 
r. cholestorol (ordi« 
aonr. from i^nal 
cord) 

rr. 7-defa^rdro.eholes. 
teRd 


17.5 
18.0 

7.2 

57.6 

42.4 
84.0 

7.0 

0.2 

20.6 

61.4 
10.7 

0.6 


'Tuna, striped 


66.6 

California bonito 


8.4 

California bonito 

140 

58.0 

California maekerel 

630 

9.8 

wordfish 

180 

10.1 

Blade sea bass 

980 

7.8 

Cabrilla 

8600 

11.0 

White sea baas 

26 

2.8 

I White sea hass 

36 

6.0 

'otuava 

470 

10.0 

'otuava 

2800 

59.8 


600 

6.8 

bleSsh 

2800 

9.8 

Lingood*’ 

3000 

13.8 

^ocaodo 

330 

8.7 

^hili-pepper 

t200 

7.2 

Wolffish 

680 

9.0 

lashing sha|h 

Nil 

6.2 

^ogSsh 

mo 

4.0 

Pollack 

210 

8.6 

Eake 

160 

8.7 

iSoidine 

270 

10.7 

lod 

810 

10.0 

Cod 

260 

8.0 

Cod 

230 

8.0 

Cod 

260 

8.0 

Cod 

130| 

4.0 


0.0 

200.0 

403.0 

1800.0 


8.0 

13.0 


Femur 

PE. 


46.42 
46.67 

35.08 
42.65 
41.03 

45.02 

30.00 

41.46 

44.42 

46.80 
43.23 

85.62 

46.12 
34.31 

43.03 

44.01 

46.63 

41.08 
40 83 
42.10 
45.74 

34.90 

44.47 
43.50 

45.64 
43.06 
44.46 

40.01 

43.08 

41.04 

42.30 

38.12 

43.91 

43.06 

42.07 

42.08 

40.80 
41.63 

38.81 

36.12 
40.00 

43.30 
46.60 


41.72 

43.03 


I. U. of 

D/100 

gm. 

15.1 

16.4 

9.3 

7.4 

16.3 

6.4 

8.0 

12.6 

19.7 

14.6 

14.3 

16.5 

II . 8 

16.3 

8.5 

7.2 

8.8 

15.0 

12.7 

11.0 

16.0 

13.7 

12.7 
0.4 

10.1 

8.4 

0.2 

4.3 

11.6 

11.7 
0.9 

8.6 
7.8 
8.0 
3.1 
0.0 

6.4 
10.4 
18.6 


PE.< 


+9 

0 ; 


0 

0 

9 

0 

10 

0 

8 

0 

13 

0 

0 

9 

8 

0 

11 


8.2 9 ; 

11.7 10; 


Bfltea^ ratio 


!C. L. O 
» 100 




-0 


8 108 
0 90 



+ 11 

; -n 

81 

11 

11 

^ • 


^ a 

16 

11 

:i 

17 

11; 

11 

19 

11; 

11 

81 

12; 

12 

87 

11; 

11 

61 

10; 

10 

32 

11; 

10 

186 

11; 

11 

26 

10; 

10 

^ e 


^ ^a 

28 

12; 

11 

120 

12; 

11 

161 

11; 

11 

100 

11: 

n 

66 

11; 

11 

814 

11; 

11 

266 

11; 

11 

,a 

21 

11; 

11 

162 

12; 

11 

160 

11; 

11 

90 

11; 

11 

146 

11; 

11 

80 

12; 

12 

102 

12; 

U 

162 

11; 

11 

230 

11; 

11 

51 

16; 

16 

133 

12; 

11 

100 

12; 

11 

09 

10; 

9 

108 

9; 

8 

01 

0; 

0 

100 

9; 

0 

128 

11; 

11 


8.2 

2.6 

1.0 


11 

11 


B«9p<knsi too low for sigaUleaat IntenNetation. 

C. B. Bilis, O. N. Maaeengal«» M. Imboden and H. Hall, J. 1$, 442 (1087). 
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that vitamin B* may be equally dtective."*- There are also observa- 
tions to the effect t^t in the tr^htmmt of infantile ridcets vitamin Dt is 
not effective when administered intramuaculaiiy, whereas vitamin D| is 
^active whoi applied in this manner.*** 

22. Determiiiatioii 
(a) Physical Methods 

There is only one phyacal method which has been recommended for 
the determination of vitamins D, namely, the measurement cf the cMraOer- 
isUc absorption spectrum in the ultraviolet.*** The vitamins D\have a 
maximum at 265 mju. This metiiod is, of course, accurate onl^in the 
absence of compounds which have a amilar absorption spectrum and, 
therefore, cannot be applied feu* the determination of vitamins D in fidi 
or in crude irradiation products of provitamins. In the case oi umost 
pure, crystalline vitamins D the iqiectrosci^cal method can be used. 
To determine vitamins D in fish oils, it has been recommended**' to first 
saponify the material and to isolate the unsaponifiable part, then to 
separate the vitamins D from inactive sterols and from the vitamin A 
present by selective adsorption on aluminum oxide. The vitamins D 
present in the residual material is then determined spectroscopically. 
While this method may give approximate values, the accunu^ is not too 
great due to the losses which are unavoidable during the processing. 

‘ (5) Chemical MOhods 

There is no chemical method by which vitamins D can be determined 
accurately or at least as accurately as by biological methods. A number 
of color reactions for vitamins D have been proposed and have been used 
advanti^eously from time to time: 

1. Ahuninum-Chloride Color Reaction.*** Vitamins D in mixture 
with pyrogallol in benzene solution develop a deep violet cedw upon heating 
with fthitntnmn chloride in alcdidl. This method is applicable to solutions 
of pure vitomin D. Tadiysterol and suprasterol I also give this reaction, 

»• M. M. Eliot, B. M. Nclton, D. J. Boma. F. A. Browne oiir^R. M. Joue. J. FtiialrUt, 9, m 
(1S36). 

•M N. Monit and M. M. Steveneon, Lanat, 2S7, 876 (IftStt). 

»• A. Niteddn, Z. KMfMth., St, 38S (IIMO). 

» K. H. Reerink and A. van Wijk. Chtm. WteUM, 1»S2. MS. H. TOpaUaaan ami W. Sehuli- 
kacobt, Z. VUtminfontk.. 4, 11 (1985). 

<« B; Mareueaen, PuMk. Tidt. Farm.. U, U1 (1999). 

>« W. Halden. SfalmrwUtmadiaflan, 24, 896 (1936). W. Haldeo and H. Tioni, Haturt, UT, 909 
(ISIM). H. Tmmi; Btatktm. Z., m, 18 (1986). 
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but the cdor developed is scnnewhat weaker. Vitamins D in oil solution 
cannot be determine by this method. 

2. Aatiaioay-Tfichloiide Color Reaction.*** Vitamins D give with a 
saturated solution of antimony trichloride in chlorofmm a yellow color 
with a characteristic absorptkm maximum at 500 mu. The cdor de- 
veloped is determined qiectroscopically. Hiis method can be uyd for 
vitamin D jneparations in oil and is also fairly accurate in the presence of 
vitamin A. Tachysterol gives the same color and some other stereos give 
nmilar reactions but the color develq>ed is weaker, and the absorption 
maximum is somewhat different. This method has been used success- 
fully for the determination of vitamin D pr^arations of natural origin 
and is applicable for amounts as little as 0.02-0.4 mg.***> **'• ***• *** A 
modification of this method, in which acetyl chloride is used in addition 
to the other reagents employed, is said to be more accurate.*** It has also 
been recommended to free the solutions from sterols present by precipi- 
tation with digitonin and to absorb selectively the vitamin A present on 
Montana earth.*** 

3. Aniline-Color Test*** Liver oils and irradiated provitamins D 
give a red color with a mixture of aniline and hydrochloric acid. 

4. Fuduine-Sulfurous Acid Color Reaction. *** Crystalline vitamin 1 > 
aequu'cs a violet color when added to fuchsin-sulfurous acid. 

5. Phosphorus Pentachloride Color Reaction.*** Vitamin D in oil 
solution develops a reddish brown color with PCU. The color gradually 
becomes darker «id is finally almost black. This reaction is non-specific 
and has even been claimed to indicate all vitamins and hormones.*** 

6. Torteltt;jafl4 Reaction.***- **»• *»» See description under Deter- 
mination of Provitamin D (page 367), 

H. Btoefcm«nii mnd Y. H. Chen, Z. physiol, Chfm., 241, 129 (1939). 

H. Brodctnaait and Y. H. Chco, Ibid., 241, 129 (1936). 

•« h. K. WoMf. Z: Viiaminforsth., 7, 277 (1988). 

A. Brnnurle ud M. vaa BcMm, Brnia Ifeerland. Phyriol. Pharmacol. Microhiol., «, l.Vt 
(1W6). 

•» K. RitMTt, S. Mtreh'i /ahr»t*ariehtt. 82. 27 (1288). 

•« C. H. NMd, W. C. RumH aad A. ZiauMrU, J. BM. Cham., Ud, 78 (1940). 

•« I.. K. WdS. Z. VHamiaSanih.. 7, 277 (1988). 

M. J. aiev, Awc.5oc. Sattt. BM. Uad., 28. 640 (1925). 

•” A. SteteBuna, XoUoM. Z.. 4S. 106 (1928). 

«• W. StoUtuMr, UBtuk. Uad. Wochaahr„ 78, 1684 (1928). 
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(c) BMagicui Methods 

The bid(^cal methods for the determinati<m of vitamios D are rdiable, 
when im>perly conducted, and are mudi superior to aU jdqrstcal and 
cheniic^ assay methods developed so far. Furthermore, the amount of 
vitamin D needed for bidogical determinations is rdativdy ttnaU, whereas 
the amount needed for chemical determinations is of an entirdy different 
order of magnitude. 

Rats and chicks are used as test animals fm vitamin D determinations. 
All preparations to be standardized are usually first assayed on ratsi The 
chick test takes longer time and is more costly. On Ihe other hand, as 
pointed out previously, the rat efficacy is no measure of the diidcen cmcacy 
of any vitamin D preparation of unknown chemical composition. It is\ how- 
ever, possible to determine once and for all the rat-chidcen efficacy rsrao of 
vitamins D prepared by activation of known provitamins. The ratfo of 
such vitamins D is constant when tested under standardized conditions. 

The rat, as such, is not an ideal animal for vitamin D assays. Its normal 
needs for this vitamin are extremely small. In order to induce rickets in 
rats, they must be fed a ration whidi contains calcium and phosphorus in 
an abnormal proportion. Usually a high calcium and low phosphorus 
diet is used, for example, a ratio Of about 5:1. It is impossible to produce 
rickets with a calcium-phosphorus ratio of 1 : 1 in the diet, but a high pkos- 
phorus and low calcium diet may also be employed. The absolute amounts 
of these minerals in the diet are of equal importance*** (see page 421). 

The diick needs considerable amounts of vitamin D even if the caldum- 
phosphorus ratio may be normal — about 1.5: 1. In conducting chick ex- 
periments it is important to avdd exposure of the birds to ultraviolet light 
since even small amounts of these rays cause the disappearance of the 
deficiency symptoms. 

1. The Rat Assay Method. This method is the basis of ail deter- 
minations vitamin D and is accepted by all the leading national**** and 
international organizations concert with vitamin D anays. Young, ■ 
growing rats are placed on a suitable rachitogenic diet (for exain{de, Steen- 
bock and Black diet 2965*** or McCollum diet 3143***) and groups of rats 

H. B. Bfowb, a. T. Siiolil^ B. B. Clwpiiuui, C. S. Rtwe mad S. Biet C*gM.,M»307. 

(1982). A. Qtimrido, Areh. ti€trtand. pkysiol., 2Q, 4Sr iimh A. T. Sohl and S. B. WoibMh, /^aUrt- 
Hw, lU 278 (1980). 

H** The United BUteePlianiukeopoeimXI-l989SttppIefaeiitepeoiSce« rat teat for vHMniaDMeejre* 
The aeeair period of thb proeedjerc ie dg ht dape, ihit niriinale recelviaf the Yitaada *0 only durfag 
the fret tbt daye. The effect ia evataated according to the **]iae test’*. 

d«H. Bteentkocleaad A. Black, /. BM, Cktm., dd, 268 (1925). 

M B.V.McCdlttn,K.SiiBaioads,P.O. Shipley and B. A. Parke, 41 (1928); 47,807 (1921); 
Frme. Soc, Bepif. BM, Mtd.. li, 275 (1921); Am, J, Byg.. 1, 492 (1921). 
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(7 to 10) are fed various amounts of the vitamin D to be tested while one 
group is used as reference group and is fed with U. S. Standard Cod Uver 
^IL Aifer.a period of from 6 to 10 days the are killed and the 

degree of ridcets is determined by any one of the fdlowii^' methods: 

(a) The “Line Test.” Tliis is a curative method and for purpose 
either the proximal end of the tibia•• *** or the distal end of the radii or 
ulnae*** is used. The bones are removed from the animal and cleaned 
from adherent tissue. A longituditud median section is made and the 
section is immersed in a 2% aqueous solution of silver nitrate for one 
minute, whad>y the calcium phosphate jnesent is converted into stiver 
phosphate. After deaning with dktilled water, the sectioned surface of 
the bone is exposed in water to actinic light imtil the caldfied areas have 
developed a dearly defined black stain. The criterion of healing is the 
devdopment of a line of new caldfication through the radiitic metaphyds. 
This is determined dther by visual or by photographic*** examination of 
the stained section. 

(b) Ash Content of tite Bone.*** This method utilizes the estimation 
of the ash content of the bones of the hind limbs of rats maintained on 
pr< 9 hylactic levds of vitamin D. 

(c) Radiographic Method.^ In this test the bones of rats are examined 
radiographically. This test is used for curative and prophylactic assays. 

(d) Test for Increase of Body Weight."^ This me^od is based on ^e 
increase of body wdght observed on young rats on a rachitogenic diet 
supplemented with vitamin D (originally irradiated ergosterd). This 
me^od has not been used widdy, since it is not suffidently accurate. 

2. 'Hie Chick Assay Meihod. The best method devdoped so far 
for the deters^nation of vitamin D in chicks is the one recommended by 
the Assodation of Official Agricultural Chemists and is based upon the 
use of the percentage adi content of the tibia determined under standard 
conditions.***> *** A qiedal radiographic method has also been sug- 

•• P. J. Dyw. OmtI. J. Pktrm. narmaeoL, 4, 503 (1031). 

W 9, 9. Mi, Otmsk Tiit. Pmrm., IS, 8SS (19S»). 

"• B. StMabodE «a4 A. Blade, J. BM. Oum.. «1. 405 (1034). 

>• a. B. Boutdilloa, B. M. Bnet, C nidunaim and T. A Webater, Ua. Rtuarth CouncU Brit. 
SpieM Btpl. S*rUt, IMl, No. 158. 

"> X: B. Coiranl, K. M. KwaadO. B. Morgan. Biotim. /.,3d, 1585 (1333). 

"• /. Anoc. OJMol Afr. Ctm., 30, 73 0337). W. B. Orion, /. Aimr. Ofidal Agr. Chtm., 31, 007 
(1338). Mathodia(Aaal]niAAO.AC., 871 (1340). 

«• O. N. Maaaangala and C B. BiUa. /. NdrMoa. 13, 433 (lOSN. W. Ocd>. Z. MyNot. Otm., 341, 
08 (188«. 
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gested**^» *•* which makes use of the differences in the tarso-metatarsal 
distances in the joints of the legs. 

The relative chicken efficacy of vitamin D preparations is determined*** 
by assa 3 nng the material on cldcks on the basis of its rat unit content. The 
efficacy ratio for rats and chicks varies with the degree of calcification 
produced and is not a constant. 


23. Standards 

The International Unit of Vitamin D was defined in 1934 by am Inter- 
national Vitamin Conference held by the League of Nations, *‘1 One 
International Unit is defined as 0.025 y of pure crystalline vitamin Dt 
dissolved in one milligram of olive oil. The properties of crysWiline 
vitamin D 2 are defined: ' 

Calciferol or vitamin Ds, CssHaOH. ^ 

(а) Colorless acicular crystals, odorless. M. p. 114.5-1 17 ** C. (open capillary). 

(б) Specific rotation: 

in alcohol Ia]*D “ 4*101® to 4-102.6® 
kJeJei - +119® to +122® 
in chloroform la]^S “ +52® 

[aliSez « +62® 

(c) Absorption spectrum: in alcohol or other suitable non-absorbing solvent, a 
smboth curve with a maximum at 265 m^ - 470-485. 

This standard was recommended for adoption when the International 
Standard soluticm prepared according to the recommendation of the 
International Vitamin Conference in 1931 becomes either exhausted or 
unsatisfactcny. The 1931 Standard, although still available, should no 
longer be used, since it gives different results on evaluation on rats by the 
Kne test method and by the bone ash method.*** 

The International Unit* is also the basis for the U. S. Pharmacopoeia 
Unit and in England i<x the M. R. C. Unit (Medical Research Council 
Unit). For general use in the United States, a cod liver oil preparation 
has been set up to serve under the term V. S. P. Reference Cod Liver Oil" 
tor comparative studies. The vitamin D content of this U. S. Pharma- 
ccqpoeia Reference Ckid Liver Oil has been -tested carefully against 

*** N, OlMon, Afck, CeJIUgelkuwU, 10. 11 (1936); Kl. Fyriografiska SdUskapets i Lund ForhaMdlingar, 
9. 1 (1936). 

Ml A Z. B^er and M. D. WHgbt. Analyst, 69. 326 (1940). 

Ml O. N. Mastengalc «ad C. B. Bills, J, NutrUion, 12. 429 (1986). 

^ Leainaa of Natioss: Health Organisation. Memorandtim on the International .Standard for 
ViUinin D and Its Application. March, 1935. No. 30. 

Ml N. T. Gridgemaa, H. Lees and H. Wilkinson. Analysl, 69. 493 (1940). 
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tibe Intematkoal Standanl. Hie latter measures properly oofy the 
activity of vitamin Dt. It has been p<wted out before that birds are 
not aUe; to-utiliK vitamin Dt, but require fish liv« oil <x vitamin D*. 
The Assodaticm of Official Agricultural Chemists has therefoe introduced 
the “A.OA.C. Chidt Unit," whidi according to its definition*** is equal 
in biological activity for the chick to (me unit of vitamin D in the U. S. 
Pharmacopoeia Reference Cod Liver Oil when determined »i/w»rriing to 
specified ccmditions (see page 415). 

A standard such as the U. S. Pharmacopoeia Reference Cod Livo* Oil, 
while it serves its purpose satisfactorily, can of ccnirse only be recognised 
temporarily. Tliere are a number of indications that the chicken activity 
of cod liver oil is not the same for various batches of the oil. Ultimatdy 
this oil whi(di contains an unknown mixture of vi tamins D should be re- 
placed by a pure, crystalline vitamin D, preferably vitamin D*. One 
rat unit of this vitamin is equal to one chick unit when determined, ac- 
cording to the method specified by the A.OJI.C. 

A immber of oth« units of vitamin D have been used or are still in use. 
They may be summarized in the following table: 


1 International Unit 


1 Clinical Uni«> 

1 Steenbock Unit 
1 "Standard Unit” 


1 U. S. P. Unit 
1 M. R. C. Unit 
1 Coward Unit 
0.026 7 Vitamin D> 

5- 6 Poulsson Units 
1.66 Oslo Units 

6- 8 Laquer Units 

2.6 Prophylactic Units 
3.25 ADMA Units 
12.5-17 1. U. 

3.2 1. U. 

1,000,000 I. U. 


24. Metabolism 

Vitamin D can be successfully administered in various ways, for exanqile, 
by oral ingestion, by parenteral injections and by abscnption through the 
skin.*** (See page 410 for the reported quantitative differences in the 
efficacy of the vitamins Dt and D| when administered intramustmlarly 
or per os.) The envirmunental temperature seems to be an additional 
determinit^ factmr in the response of the organism to vitanun D.*** 

Aum* OIRckI Agr. Chem., Uttiiodt pf Anoiysis^ Fifth Bd., 1940, p. 371. 

L. KMpttt MAitM. Wophtphr,, 36» 1317 <1333). B. M. Hunw. N. S. Lucu Rod H. H. SnUh. 
mp€km, 21s 333 (1337). 

VI 0, tWtcDottc ftsd W. B. J, .Vtifriliimt X9e 333 11386). 
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Vitamin D is absorbed from the intesttnes, eqiedally in the small gut. 
The absorptirm is fadlitated by the presence of fat, but eamess doses d fat 
give less fovorable results.*'* Vitamin Disnot absorbed bxnn mineral c^.*** 
Effective absmpticm of vitamin D is related to the presence of bile.*** 
Thus, animals with biliary fistula carmot utilize vitamin D when given 
by mouth unless administered simultaneously with a bile add, such as 
taurodudic add or desoicy-chalic add.*'* Vitamin D is not wdl absorbed 
in obstructive jatmdice. Vitamin D esters d adds which can be hy- 
drolyzed in the intestines are antirachitically effective while esters which 
carmot be h 3 rdrolyzed also cannot be utilized.*'* 

From the intestines vitamin D is absorbed into the blood*" md dis- 
tributed all over the organism. The healthy body co 
amounts in the lymphs and tissue fluids. Normal hunum 
from about 50 to 135 International Units per 100 cc. d ( 
about 100) while rabbits were found to have a mean of 
50.*'* Ibe human body and also all animals investigated, with the excep- 
tion of fish, have no spedal storage cupm for this vitamin, although 
substantial amounts can be found*" in various wgans such as lung, 
liver, spleen, brain and wherever fat is accumulated as long as there is 
no shortage of this vitamin in the organism. The heart has consistent^ 
been found to be devoid of any stored amounts of this vitamin. ; The 
liver and, to a certain extent, also the viscera are special storage organs 
only for fish. 

Vitamin D is readily metabolized as is evident from the transfer of 
ingested vitamin D into milk of all mammals and into the eggs of birds. 
Tte type of vitamin D fed is also secreted. Thus, vitamin Ds or Dt is 
found in milk*** or in eggs**'* *** according to which form has been fed to 
the animal. There is apparently no principal difference in the utilization 
d the various forms of vitamins D, since vitamin D from fish liver oils,"* 

•nA-Knodion ud R. J. Floody, /. NulrUioH, 20 , 817 (IMO). 

. n M. C. Smitli umI H. Spector, Proe. Am. Sot. BM. Clum., IM, XC (1940); J. IftiMUon, 20, 19 
(1940). 

n« W. Humana, J. Biol. Cktm., 122, 249 (1937). 

•» J. D. Onavcs and C. L. A. SAoddt. Ibid., M2, 101 (1938), Vnit. Cmf. Pttb. PkytM., 3, 49 (1934). 

A. Wladaoa aad O. Rygh. Nodtr. Cot. Witt. GHUnten, Moth, pkytik. Klotm, m. 202 (1928). 

•" A. F. Haaa, R. F. Ught. C K. Frag aad J. (^tiaa. J. BM. Cktm., 97 , 309 (1932). A. F. Heaa, M. 
Weiaatock aad J. Omaa, Frot. Sot. Bxptt. BM. Uti., 30, 1837 (1983). 

m Waikaiv, Z. Kindirktilkn 40. 191, 230 (1980); Am. J. Dittout CkiUnn, 40, 318 (1933); 82, 
881 (1933): Biotktm. Z., 203, 418 (1937). 

•n B. Oeidbtatt aad K. M. SoaaMa, Biotktm. J., 17, 443 (1923). I. H. Page, Bhtktm. Z., 320. 420 
(1030). W. Bcnaaaa. J. BM. Cktm.. 118, 371 (1087). 

«• R. Id. Bathke, W. B. Kiaaaa, F. R. Reoard aad O. H. M. WUdar, /. UMrilMt. 11. 21 (1083). 

«i R. M. Batkke, P. R. Raeotd, C. H. Bfafcaad D. C. Saaaaid, Paallry S(<., 18, 328 (1938). 

m R. M. BaUifca. F. R. Raeoid. O. B. M. WiMcr aad C. B. Xltk,/3M., 18, 388 (1033). 

*n For aiaaipia,'R. M. Batkke, D. C. Keaaaid aad B. L. Saaaaaaaa, J. BM. Cktm., 73. 803 (1027). 
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frcmi activated ergosterol,*** from activated T-dehydro-didesterd and 
activated “mussel provitamin’’*** ate all metabdized as described, althougb 
a small diffeieace in tbe effidenry of this process for different vitamins D 
has been observ^, that is, vitamin Di is somewhat less effectivdy utilized 
tlun the other forms of vitamin D.***- ***• *** Cdostrum (of cows***) con- 
tains from six to ten times the amount of vitamin D found in nmmal milk. 
Also special interest is the fact that vitamin D apparently can pass 
only in limited but definite amounts through the placental walls. New- 
born ntiiniftls and babies have practically no vitamin D in their tissues,*** 
even though their mothers had an abundant supply. On the other hand, 
when the mother’s chet was defident, the bones and skull of the infant 
were found sdter than normal and the teeth when erupted showed de- 
fective formation.*** All these observations suggest that a special regula-' 
toty mechanism exists which takes care of the vitamin D requirements 
of the embryo. 

Some of the vitamin D is destroyed in the organism, some is excreted.*** 
No quantitative balance studies are available which would indicate to 
what extent destruction occurs. Excretion occurs only through the in- 
testinal tract and mainly through the bile, but not through the kidneys. 
The extent to which vitamin D is secreted through the skin is unknown, 

25. Physiological Action 

An enormous amount of work has been done in various studies to define 
the action and the mode of action of vitamin D. The result of all these 
investigations has .not yet developed into a wdl-rounded picture. Most 
work has bee* done dther with vitanun D* or with fish liver oils and it 
seems quite certrun that at least some differences may be found in the 
specific reactions of these forms of vitamin D and of vitamin D|, which is 
considered to be the natural vitamin D of man and higher animals. 

■* a. F. Ught, L. T. WliOB mad C. M. Frty, 1. Nutrition. 8, 106 (1084). 

w J. vaa Niekatk mad BaMia, Tijitckr. Diertttuuk., lOSO, 66. 

O. M. DeVmaer, H. B. Muaidl mad H. W.'Titui, Ponltry Sri., It, 215 (11)83). 

R. M. Batlike, P. B. Record, O. H. M. Wilder mad C. H. Kirk, lUd., IS, 330 (1036). 

M j. Kiakerk mad M, S. C. Bliek, Aria Braria Nearland. Physiol. Pharmaeot. UitrtMol,, 9, 26 
(1030). 

A. F. Han aad M. Wciaetock, Am. J. Pissasss Children, 27, 1 (1024); J. Am. Uei. Asset., S3, 
1668 (1024). C. B. Bilim. J. Biel. Chtm., 72, 781 (1027). C. E. Bills and A. M. Wiriek, lUd.. 86, 117 
(1030). 

** K. W. Y^verad aadO. Toverad, Aria Patdial. (Suppl. 3). 13, 1 (1086). 

•* A. P. Hen. R. F. Ugkt, C N. Prey mad J. Oma, J. BM. Chem., 07, 860 (1038). A, F. Hamm, M. 
WeiBitack aad J. Otaaa, Proa. Set, BnpA BM, Jfcd., 30* 1867 (1083). 
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In the broadest aspect, vitamin D stimulates growth.*®* While tWs 
property is apparently common to all vitamins, at least as a secondary 
reaction, it seems of primary significance in the case of vitamin D, since 
growth of all animals stops or is retarded in the absence of this vitamin. 
On the basis of this property a method for the determination erf vitamin D 
has been proposed.*®* This retardation of growth is probably quite a 
fundamental metabolic process. Thus, eggs which contain an insuffi- 
cient amount of vitamin D or which have been laid by hens that ob- 
tained suboptimal doses of this vitamin do not hatch.*®^ 

The growth of bonCs can easily be demonstrated to be related to the 
action of vitamin D, although the possibility should not be ovmooked 
that the growth of cells other than bone cells may also be influenc\ 

The physiological study of the action of vitamin D must nec^sarily 
commence with a study of the organism deprived of this vitamm and 
proceed to a determination of the effects brought about by the action of 
the vitamin and finally end with an explanation of the vitamin action. 

Whereas the clinical symptoms of a vitamin D deficiency will be discussed 
in the section on avitaminosis, the broad picture of the disease and the 
metabolic changes must be mentioned here. The clinical symptoms of 
the vitamin D deficiency are commonly known under the term “rickets** 
and the gross effect is obviously a disturbance of the mineral inetabG|lism. 
Actually, the deposition of the inorganic calcium-phosphorus salts in the 
bones is retarded or stopped entirely, thus retarding or stopping the growth 
of bones. Furthermore, the inorganic material previously deposited may 
be withdrawn from the bones, causing a considerable softening. An early 
symptom of a vitamin D deficiency is a lowered content of phosphorus in 
the blood serum and later also a lowering of the calcium level is ob- 
served.*®*’ *®® Furthermore, a general decreased retention of phosphorus 
and at later stages of the deficiency also a decreased retention of calcium 
are found. Thus, the phosphorus metabolism is much more hampered 
than the calcium metabolism. All these changes are not necessarily the 
jNimary ones, but represent the ultimate effect of the vitamin deficiency 
which can be observed. 

To study the physiology and the mode of action of vitamin 1), animal 
experiments must be perfen^med. ExperimentaTrickets was first obtained 

G. 8te«nto, P. C. jesm Md V. Vaadecar. Ptdiatrics, 9, 1 (1986). P. Slyker, B. M. Hutiil. M. 
W. Pwde. T. B. Cooley and 1. G. Macy, Proc. Soc. BxpU, Biol. Med.. 37, 499 (1937)^ 

K. H. Coward, K. M. Key and G. E. Morgan. Bio€kem. jr.. 26, 1385 (1932). 

*** 8. Carver. B. 1. Robertaon, O. Brasle, R. H. Johnaon and J. L. St. John. WaskiHUon Agr. 

Bx^iL Station BuU., 299 (1984). 

M /. Howlaad and B. Ksmsicr, Am. J. Diseoges Children, 22, 105 (1921). 

•M P. IveriMi and B. Leastmp, Porhandl. Forste word. Kcmgr, Paediatr. iCopenkagenh 1920, 89. 
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in dogs,**^ but soon rats were used**- •• and most <rf the work has hMQ 
done with these animals. Rats, however, have usually a very low require* 
ment for vitmmn D. That is, on a vitamin D-deficient, but otherwise 
normal diet, they do not develop classical rickets. A condition, however, ' 
which resembles human rickets, can be brought about by special rations 
which have a disprcqiortion between calcium and phosphorus. Thus, a 
diet of high odciuin and low phosphorus content (x of low calcium and 
high phosphorus content produces experimental rickets in rats. In addi- 
tion to the ratio of calcium to phosphorus, the absolute amount of each 
also determines the rachitogenic properties of the diet.^ Very sati»> 
factory results were obtained with the diets “Steenbock and Blade No. 
2965’’*" and with “McCollum No. 3143,’’*" which are similar in composi- 
tion and which contain about 1.2% of caldum and about 0.25% of phos- 
phorus, the ratio of caldum to phosphorus thus bdng about 5 : 1. Rats 
reared on such rations develop dietary rickets that can be cured by the 
administration of vitamin D. 

Physiological studies on rats have given rise to a number of theories on 
the action of vitamin D. None of these theories, however, diould be 
generalized until confirmatory evidence from experiments with other, 
more suitable spedes has been obtained. In contradistinction, the mode 
of action of vitamin D should be investigated in animals which develop 
rickets only by a defidency of vitamin D and in which rickets cannot be 
prevented by a regulation of the caldum and pho^horus content of the 
diet. Thus, dogs,**** pigs*** and many birds,*** espedally the hen and 
the turkey, are useful experimental animals. 

The histolqgical changes that occur during bone formation must be 
discussed briefly in mder to understand the action of vitamin D. There 
are three different types of tissue concerned with the growth of bmies— 
the cartilage tissue, the osteoblasts and the bone tissue. During the 
course of normal bone growth, a certain number ci cartilage cells de- 

m B. Mdluiby, J. S2. Ult Unett, 1, 407 (ISIS). 

H. C. Shermaa and A. M. Fappaalieinicr, Pro€. Soc. BxpU^ BM, M$d,t IBs IBS (1BS0/1B21) ; J, 
Expa. Ided., 34. 189 (1021). 

M B. V. McCollum and N. Sirnmoodi. /. Biol Ckxm., 47. 111. 180. 175. 207. 285. 507 (1021). Sae 
at«o V. Korenchevricy. BrU. Med. No. 3171, 547 (1921); Special Rept. Sci. Med. Research CouncU, 
No. 71 (1922). 

^ H. B. Brown. A. T. Shohl. B. B. diapman, C. S. Row and B. M. Sauerwdn, J. Bid, Cheia.^ 08» 
207 (1982). A. Quarido, Arch, neerland. phyeM., 30, 487 (1985). A. T. Shohl and S. B. Wolbach. J. 
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^ B. Metlanby, J. physM., 83, LUl (1919); Lancel h 407 (1019). 

««8diocli. MiU. Ubensm., Syg., No. 1/2. 178 (1989). 

^ O. Wanachec. AeitaminoHs D Jkor KylRnger (Tbcait), Copcnhafcn, 1980. 
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generate and disappear completely and in their place bone-fmming cdls 
or osteoblasts arise. Soon ca^laries invade this tissue. The osteoblasts 
are rej^iisible for the deposition of the bony matrix and are transfmmed 
'into bone cells. In turn new osteoblasts are formed from the cartilage 
ceUs. In normal growth there is alwa 3 rs a continuous thin layo- of osteo* 
blasts. 

The first sign of vitamin D deficiency in the bone is the ce»ation of the 
formation of osteoblasts. On the other hand, the growth of the eartilaj^ 
tissue continues, The osteoid matoial which accumulates remuns un- 
caldfied. When the vitamin D deficiency becomes more severe, the 
ossified part of the bone slowly softens by conversion into osteoid qmterial 
and loss of calcium phoqihate. \ 

The effect of vitamin D given to rachitic organisms becomes apparent 
within twenty-four hours. From the mass of apparently unorj^^zed 
cartilage cells, orderly arranged osteoblasts are formed and calcification 
begins. This is preceded by a penetration of the tissue with blood vessels 
which carry the bone-forming salts. 

There is no fundamental patholc^cal conditicm in the bone that pre- 
vents calcification during rickets. The change is only brought about by 
the absence of vitamin D. This has been demonstrated in various ways. 
Rachitic cartilage when inserted into serum of a rachitic animal doe4 not 
change its structure. In the presence of serum a normal animal, how- 
ever, calcification occurs.^ The same effect can also be observed by 
transplantation of rachitic cartilage tissue into the abdcMnen.*" Further- 
more, when oste(^;enic tissue is cultured on a medium derived from normal 
animals (fowl were used in these experiments), calcified txme is fcmned, 
but unossified osteoid tissue and cartilage are formed when a vitanun D- 
defident medium is used.^ Addition ci caldum and of phosphwus to 
the vitamin D-defident medium did not bring about complete calcification. 

These ejqjeiiments demonstrate that the formation of bones is de- 
pendent upon the pre^ce of vitamin D as such. It has often been dis- 
cussed whether or not the action cS vitamin D may not be due to a facili- 
tation of the absorption of phosphorus and caldum from the intestines 
as is the case in rats.*** This is certdnly not the case in man and in birds. 
The phosphmus content of blood can be raised by parenteral injection 

M A. P. Rea, /. Am. Uti. Aiiee., M. 78S (»38>; Am. Sot. B*pa. BM. Uti.. M, IW (I93S). P. 
O. SUpIcr. BoO. Johtu Bopkint Betp., 38, a04,(tMn. 

« a V. Heuadla, Jahrk. Kiniorlum., 80, 128 (ISM). 

C P. Pbd>«iaiia,>tr«*. ZOIferttk.. IS, 211 (1M7). 

«•&. NleafaiTMa, Kodum. J., 81, 107, 122 (1937). R. Nieeteraa ead J. Jenaa. Atfa PotUtt 
3a,«»(lS88). 
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iA ^yceropho^faate and the caldnm content can be increased by tiie 
injection of calcium salts or xA A.T.10, but ridcets cannot be cured by these 
methods^*** Increased permeability dt the membranes of the intestines 
for and phosphrmts may occur to a limited extent upon adminis- 

tration of vitamin D but cannot be the main or sole reason lor the cute 
of tickets. 

The presence of phoiqdtorus and calcium in the blood serum needs 
further considemtkm. Calcium occurs in the serum in four different 
forms, two whidh are diffudble. Of the diffusible fonns, one is icmued 
the other condsts of a calcium-phosphorus complex which can be adsorbed 
on sulfate. It is this complex which is bdieved to be the precursor 

of the bone salts. Its content in blood is bdieved to be independent of 
the total caHutn or phosphorus content of the serum. The total caldnm 
content (9-11 mg. % in the ncnmal person) is not necesrarily influenced 
by a rachitic state, although in severe cases a decrease of caldum iir the 
Mood serum occurs (to about 7-8 mg. %) and the partition of the several 
forms of caldnm is profoundly changed. 

The rf phoiq>horus is somewhat different, as has previously 

been stated. Phosphorus occurs in blood serum bound to orgamc and to 
inorganic compounds. It occurs as lipoid-phosphorus, phospho-protdd, 
mir lH ds , ester-phosphates and as primary and secondary alkali-phosphate. 
The inwganic phosphorus and the ester-phosphate are constantly converted 
into fftcb other. During vitamin D defidency the serum phosphorus 
is reduced from 4-6 mg. % ncnmal to 1-2 mg. %. The phosphorus is 
excreted*** in conaderable amounts even if abundant quantities are 
offered in the diet or if glycerophosphate is injected parenterally."* By 
moana of nuffoBctive phosphOTUs it was furthermore ascertained that the 
phosphorus metabMism in radiitic animals (chicks) is more intense than 
in normal animals."* In acute rickets phosphorus is removed from Ae 
bones. Simultaneoudy, the amount of the enryme pho^hatase, which 
splits organic compounds of phosphorus into a diffusible, inorganic form, 
is almost invariably greatly increased above normal*** in the blood serum 
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and it has even been stated that its increase is the first definite evidence 
of the devdojnnent of a rachitic conditum before an actual dbange in the 
blood phosphorus can be defected and long before a diange in the bone 
structare becomes evident from roenQ^ograms. The degree of increase 
is, in general, corrdated to the severity of rickets. On the other hand, the 
phosphatase value does not decrease immediately after the administration 
of vita min D and may not reach a normal level for several months after 
healing from the vitamin D deficiency bectnnes evident.*** 

The effect d an administratioo of vitamin D on the phosphorus metab- 
dism of rachitic organisms is striking. No further loss throuj^ excretion 
occurs and an immediate increase of all forms of phosphorus in the serum 
is noted.*** This evidence proves that vitamin D is intimately ccmcemed 
with the pho^horus retention of the normal organism. This rejtentian 
of phoq>hortts is brought about by the formation of the previously men- 
ti<Hied calcium-pho(q>horus complex and the theory has been advanced 
that vitamin D.may act in this process as an activator, porhaps in combi- 
nation with an enzyme system.*** Further evidence leading to the same 
condusion comes from studies with radioactive phosphorus which suggests 
that vitamin D acts in aiding the conversion of organic into inorganic 
pho^horus.*** 

Actually, during vitamin D deficiency the amount of this caMum- 
pho^horus comjdex is ngnificantly reduced as has been shown*** both on 
children and on rats, and is increased i^^n upon administration of vitamin 
D.*** Furthermore, it has been demonstrated that this complex must 
be inesent in serum in order to bring about calcification.*** The media- 
nism of the actual deporition of this complex on the bones is still 
obscure. It has already been mentioned t^t the predpitation ci the 
bone salts occurs <nily in spedally prepared cdls, the osteoblasts, and it is 
bdieved that this {uocess can be explained on the baris of sdective ad- 
sorption. An attempt has also, been made to corrdato the deposition <A 
bone salts with their concentration in the body fluids, applying tte physioo- 
chemical pri ndple of mass action.*** The deporifed salt has the compo- 

«• A. BodudW aad B. L. JaSt, Areh. Inttrn. Mtd., S4, 88 (1884). N. Moni*. M. M. Sttvwnaa, 
a O. Pad«n and J. M. D. SawU, Arc*. Dinam CUUkood, 12, 4Aa»S7). 
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aition of two mols of tricaldom phosphate and one nud of car- 
bonate. Traces of other dements, such as magtioaSnni «nd may 

be present.- 

In the discussion of the phosphorus metabdism, the primaiy effect of 
vitamin D upon an organism affected with ridcets has been 
that is, the phosphorus content of the serum increases rapidly to normal 
and sometimes even readies somewhat higher values. When of 
severe rickets are thus treated, a state occurs when the caldnm ccmtent 
of the serum is still low (7-8 mg. % or less) but the phosphorus content 
is high. This is the t 3 rpical disproportion which is found in hypopaia- 
thyroid tetany and which causes tetany. Experimentally tetany can be 
produced in rats by indudng such a disproportion of the phosphorus and 
the caldum content in the blood.^** Tetany is therefore dosdy rdated 
to vitamin D defidency. In man, this relation has repeatedly bemi ob- 
served when rachitic babies obtained insuffident amounts ci vitamin D, 
for example, by a single ultraviolet light irradiation or by small dos» 
vitamin D.^» Etiologically, vitamin D cures the tetany of children but 
not symptomatically, or only after a considerable lengA of time. It is 
interesting to note that a compound chemically dosdy related to vitamin D, 
namely, the previously discussed dihydro-tachysterol (A.T.10) acts sympto- 
matically on tetany by raising immediatdy t^ caldum levd in the serum 
and thus relieving the symptoms.^** 

Decreased phosphorus retention in the organism as the result of vitamin 
D defidency is furthermore accompanied by addods which in turn, ac- 
ccnding to .some investigators,**’ causes a disturbance in the calcification 
d the bone. Therefore, the add-base content of the diet has repeatedly 
been investigated for its influence upon the occurrence of ridcets. In 
rats sudi a relation can indeed be demonstrated, but not in man.. In rats, 
ridcets can also be cured through what has been called a “spedfic organic 
add effect,”*** that is, spedfic organic adds, such as dtric add and tartaric 
add, when added to the diet, cause the disappearance of the symptoms 
of ridcets. This effect is spedfic for rats and cannot be observed in chicks. *** 
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While only the relation of vitamin B to the calciutn and pboq>horu8 
metabolism has been disc us sed , there is evidence tiiat vitamin B is also 
cancemed vrith a number ai other reactions, either directly or indirectly. 
For mcample, vitamin B has an influence upon the metabdism otha- 
minerals, especially of magnesium and iron. Vitamin B, furtheimore, 
affects the carlxfliydrate metabolism, ^ce during vitamin B avitaminosis 
the phosphorylation of carbohydrates is retarded.*** Vitamin B, or liltra- 
videt light, leads to changes in carbohydrate metabolism (experiments 
with rats) which are very similar to those observed by 
insulin. An increase in the glycogen in the hver, and to a 
in the muscle, has been observed. Furthermore, the 
hydrate/lactic add goes up in Uood, liver cmd musde.*** A 
vitamin B to the fat metabolism has also been postulated. 

26. Relation to Other Stamina and Hormones 

As has been postulated in the general chapter on the interrdationship 
of vitamins and on the relationship of vitamins to hormones (pages 29 to 
31), no angle vitamin is able to exert its full action in the absence of other 
necessary substances. The effects which occur when only vitamin B is 
taken out of the vitamin balance have been discussed. A multiple de- 
fidency of vitamin B together with another or several other vitamms has 
not been observed other than in the form of added ^mptcmis from each 
defidency. It has been daimed that the effect of toxic amounts of vita- 
mins B can be relieved by simultaneous administration of the vitamms of 
the B-group such as are present in yeast.*** 

At >mrious times relations at vitamin B to different glands or hormones 
have been postulated. The thyroid gland and the parathyrdd i^d 
have been the center ai discussion. It has been daimed that the ad- 
ministration of thyrdd extracts cures ridcets,*** but it has also been daimed 
that thyrdd intendfies the symptoms of ridcets. The parathyroid g^and 
influences the caldum metabdism, but in an entirely different manner 
from the influence that vitamin B exerts. Paratl^rdd raises primarily 
die caldum levd m Uood serum; vitamin B, however, raises the phoa- 

««B. naodariicrg aad A. Wdlcir, Z. KtiuhrMlk., 41, IwRlSSS). U. KeattdMl awl B. ZSIlw 
/MS.. 44t t4S (19»). 
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pborus levd. PMUtfayroid causes an inctease of ionized in tdood, 

vitamin D of bound calcium. Parathyrdd stimulates the withdnwal of 
caldvm: from the body, vitamin D stimulates its retention. All these 
facts caused various investigators to find either a synergistic or an antago- 
nistic effect of parathyrdd on rickets according to the type at experiments 
carried out. It now seems that the action of both compounds is inde- 
pendoit 

The secretions of various other glands, for example, the anterior intuitaiy, 
have been claimed to be interrelated with the action of vitamin D. 
Thus the secretions of the Isrmph glands are said to influomy the fdios- 
phorus and the calcium content of serum.^** It has been suggested tha*- 
the ovaries influence rickets, since mothers after the parturition antnaHmaa 
become rachitic.^** Finally, the th 3 rmus has been reported to be involved 
in the functioning of vitamin D.*” All these findings and theories need 
further study, since there is no agreement, as yet, about the relation 
between these effects and vitamin D. 

27. Hypovitaminosis and Avitaminosis 

The clinical symptoms of vitamin D deficiency in infants and in young 
animals are called “rickets.” This disease occtns most frequently in 
man, beginning around the fourth month of age, but also occurs in children 
of school age. Early signs of the disease are noticeable, continuous dis- 
comfort and perspiration on the head. Soon the typical skeletal dhanges 
especially in ^e ribs, forearm and wrist become apparent and can be recog- 
nized by roentgenograms. The retardation in ossification of the fontanelles 
is especially diaracteristic in babies.*” The change in the bones is a lack 
of calcification vriiiCh becomes especially noticeable at the epiph 3 rris. As 
a result, the ends of the long bones become greatly enlarged ^ excessive 
cartilage formation. Also, enlargements of the junctions between the 
bones, especially between the ribs and the cartilages whidi are normally 
present, (“rachitic rosary”) occur. In nune serious cases, the dcuU is 
malformed The jaw may be ill-shaped, the teeth appear late, grow too 
dose to each other and possess ill-formed enamd.*** Defidency of vita- 
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min D is to a certain extent, but not altogetber, responsitde for the occur* 
rence of dental caries.*** The elastic properties of the bones are generaUy 
disturbed as evidenced, fw example, in rat bones by breaking load and 
deflection stress.*** A curvature of aU bones occurs in later stages of the 
disease, and is especially significant in the limbs, the spine, etc. 

A vitamin D deficiency, however, does not affect the bones exclusively 
but the entire body. Besides the changes noted on the bones, the effects 
on muscles are most obvious. During severe cases of rickets the muscles 
become weak and flabby. , 

During vitamin D deficiency the organism is particularly jsusceptible 
to a number of infectious diseases which sometimes cause deam, sudi as 
bronchopneumonia, tuberculosis, infectious fevers, etc. It has also been 
reported*** that milk fever can be prevented in cows by a mtamin D 
supplement fed prior to parturition. \ 

A special symptom is spasmophilia (infantile tetany) . As previously dis- 
cussed, this disease when caused by a deficiency of vitamin D is considered 
to indicate the beginning of healing. In typical rickets, tetanic spasms 
often occur of either a general nature or localized in the hands and feet. 
Sometimes cramps occur even in the heart muscles and the bronchial 
muscles. Rickets of the adult is also called “osteomalacia” and occurs 
especially in women during and after pregnancy but has also been noted 
sporadically among men and women of all ages (osteoporosis) . The general 
symptoms are exactly the same as those of the baby rickets, namely, de- 
calcification of the bones leading to brittleness. 

(a) Clinical Test Methods 

1. X-Ray Detwmiiiatioii. This method is the oldest and the one 
that is most commonly used, but reveals only cases (ff avitaminosis, whereas 
the state of hypovitaminosis cannot be detected. The roentgenographic 
examination of the bones of the forearm and the wrist is especially 
recommended both for diagnosis rickets and for following the healing 
process: 

2. Detatmination Blood Ca and P. The normal level is 4-6 mg. % 
of P and ^11 mg. % of calcium. Any value below these is considered to 
indicate vitamin D defidency. The determinatkm of Ca and P is 

•» U. liMuihr aaS J. D. Kint, VUamiu Bormmforsek., S, 1 (1689). C. P. Tkyter wttl C. 
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carried out according to standardized procedures.*" The prodbct of the 
values found for Ca and P is also used as criterion and should be above 30 
in ncHinal indfividuals. This evaluation procedure is omsMered to give 
trustworthy results only in cases of sevae avitaminora and cannot be used 
to follow tint progress during treatment. 

3. Kood Fhoi^iatase Test*" This test is based on the fact that the 
enzyme phosphatase occurs in increasing amounts in the blood 

bone diseases such as rickets. When rickets is healed, the amount rtf 
phosphatase in blood is again slowly but not immedial^y reduced. 

4. Minraal Metabolism Test.*** This test in which the phosphorus*** 
and calcium*** balance is determined is considered, in the hands of ocperts, 
to give the best data as to the state of rickets. In early disease much more 
phosphorus is excreted than calcium. At later stages calcium and phos- 
phorus are both excreted in increased amounts. The be ginning of heaUng 
is characterized by a marked phosphorus retention and when healing is 
well under way a considerable retention of calcium and phosphorus is 
observed. 


28. Hypervitaminoais 

Vitamins D given in large excess to any experimental animal or man 
are toxic. It is therefore important to know ^e symptoms of such a D- 
hypervitaminosis and the minimum amount of vitamin D which may 
cause an intoxication. 

The first sign of a D-hypervitaminosis is digestive disorder. There is 
a loss of appetite, vomiting and diarrhea. A considerable loss of weight, 
an inflammation’t>f the kidneys and finally death occur. Excessive doses 
of vit amin D cause an increase of the calcium content of the serum, which 
may reach a value of 17 mg. %. As a result metastatic calcification occurs 
in various organs and tissues, especially in the kidneys, stomach, lungs, 
heart, blood vessds and bronchi. At first, a retention of calcium in the 
organism is observed, but at later stages a decaldfication of tte sfcdetal 

•«> toe aumplc. B. MUter. Z. Xin^luiUt., ST, MS (1936); Z. pSjtsM. Chtn., 3S7, 85 (1»86). Sm 
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bones sets in. Finally, pho^honis is excreted, and calcium deposited in 
the tissues. Shortly b^ore death an excretion of calcium through the 
Iddn^ also occurs.*" 

Unfortunately, no exact data for the toxic dose can be given. TUs is 
due mainly to the fact that the toxic threshold varies con»derably among 
individuals. As an average figure a continued daily dose of about 20,000 
International Units of vitamin D per kilogram of body weight may be 
considered to cause intoxication in man and dogs. 

Clinically, in the so-called shock-therapy, single doses up to 1,000,000 
International Units of pure crystallized vitamins D dissolved in a suitable 
medium have been used and no injuries -have been obsetv^ from such 
treatments. 

The over-all toxic effect of vitamin D* is believed to be somdwhat greater 
than that of vitamin Dt (studied on dogs). After feeding d^ excrasive 
amounts of these two forms of vitamin D, the animals were allowed to 
recover. Functional recovery was rapid in the dog relieved from vitamin 
Dt but the damage to tissues was more severe and less repaired than in 
the animal relieved from vitamin Dj.*** 

It should, furthermore, be noted that toxic symptoms have been ob- 
served only when vitamin D was given per os or parenterally, but never 
when vitamin D was supplied by ultraviolet irradiation. The’ deleterious 
effect observed on the normal organism upon over-irradiation is inde- 
pendent of vitaminization. This suggests that a special protective mecha- 
nism exists in the body, probably in the skin, which takes care of the 
potential effects of an over-irradiation of the provitamin D. 

29. Requirements 

The htunan requirements of vitamin D*" are difficult to estimate cor- 
rectly due to an individual variation in the utilization of dietary calcium 
and phosphorus without added vitamin D.*** The optimum amount of 
vitamin D for babies, children and adolescents is bdieved to be about 
400 to 800 International Units per day provided a sufficient amount of 
calcium and phosphorus is offered. The best combination of the necessary 
minerals witlrvitamin D is found in milk, which may be fortified with 
vitamin D. The need tjil adults for vitamin D appears to be somewhat 
smaller but exact data are not available. Fregmmt and lactating women"* 
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are advistd to take at least 800 I. U. per day. Babies born prematurely 
and twins need increased amounts. (See also page 613 for the recom- 
mended daily allowances as established by the National Research Council.) 

These requirements, as stated, pertain only to the ingested fams ot 
vitamin D and to the optimum daily intake of normal organisms for pro- 
tection against rickets. To cure rickets in infants a daily dose of from 
500 to 1500 International Units is usually given. The method of supidying 
the body only once every three to six months instead of every day is 
applied in the so-called shock-therapy. Massive doses of 200,000 to 
1,000,000 International Units have been recommended and used for this 
purpose.**- *»• «« 

The vitamin D requirement of poultry has been studied extensivdy 
because of its practical importance and is usually expressed in vitamin D 
content per pound of feed. It has been recommended to incorporate about 
180 A.O.A.C. chick units of vitamin D per pound of total feed for growkig 
chicks, while for the laying stock 360 A.O.A.C. chick units and for the 
breeding stock 540 A.O.A.C. units are required. 

The vitamin D requirement of species other than man and poultry has 
not been investigated quantitatively. Some data have been presented 
which indicate that dogs, espedally dogs of large breeds such as Great 
Dane, Setter, Airdale and German Shepherd, need considerably more 
vitamin D than small breeds such as Terrier and Spaniel. In terms of 
vitamin Di, small breeds need about 28 U. S. Pharmacopoeia Units per 
kg. of body wdght, while large breeds need ten times this amount or even 
meve. It seems conceivable that this species difference is due to the 
compound spec^dfy of the vitaniin Ds used and that the vitamin D 
requirement oi dogs is more uniform and considerably lower when other 
forms of yitamin D, such as vitamin D|, are fed. In dogs, a greater ten- 
dency toward rideets has been observed in males than in females.^ 

Swine and especially young pigs need vitamin D, and when reared on a 
low vitamin D intake became definitely rachitic especially in the winter 
months.**’ Vitamin D given to pigs resulted also in a considerate decrease 
in the amount of feed necessary for maximum growth.*** A daily ad- 


*>S. Cinaaanoa. Aela Paeiiat., 2S, 69 (1039). 

J. StrOm, IM., 25, SSI (1089). 

** O. O. Hunapp, KKm. Woeksekr., 18, 1043 (1986); Umatssekr. KinitrktUk., 71, 198 (1987); KUn, 
WatkaOir.. 17. 890 (198S). 

** A. F. Mmimi, Sank Am. VA, 21. 468 (1040). 

C. a. Stodtnd, Am. 3. Dittaut CkOdm, 86, 810 (1928). 

** O. Bohstadt II. M. Bcthke, B. H. Bdiinften and W. L. RoUihod, Okia BapU. StaMaa, Butt. 898 
0926). W. C aUttar. N. 3. Eaptt. Statiou, Butt. 661 (1989). 

^ a. D. Slndalr, SO. Apr., 9, 689 (1930). 
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ministratioa of approxiiiiately 110 U. S. Pbaniiacopoeta Units vitamin D« 
has been suggested for pigs per kg. of body weight Sheep also benefit 
from an intake of vitamin and many reports have been published 
showing the need of cattle and especially of calves for vitamin D.^ A 
daify intake of about 200 U. S. Pbarmacqpoeia Units vitamin D per kg. 
of IXNly weight has been suggested for these animals. For horses 200 to 
2000 U. S. Pharmacopoeia Units have been given per kg. of body weight 
for the cure oi rickets.^* 


D. W. AndSaaeU* ud A. H. H. Praier, J. Atr. Sei., 22. 560 (1983). 

^ I. W. Rttpd, O. Bolist«dt and B. B. Hart, Wisconsin Bxpt. SMon, Research j [. 115 (1933). N. 
W. Hilstoa (Tberia). The PtaaMylvnain State College, 1937. T. W. Gulliken. L. S.\ >almer and W. L. 
Boyd. MinmsiOn Agr. SkU. Tcehn. BuU. 105 (1935). 

J. H. Kinter and R. L. Holt, Philippim /. Sa., 49, 1 (1932). 






THE GROUP OP VITAMINS E 


The physiological effect of vitamin E is brought about by a series of 
naturally occurring compounds, which are chemically very dosely related, 
being homologs and isomers of each other. Three different compounds 
have been isolated, which are derignated as a-, and y-tocopherol. The 
possibility that other vitamin E factors may occur in the animal or plant 
organism cannot be exduded, but no definite proof for the existence of other 
compounds can be offered. 


1. Nomenclature and Sunr^ 


IfsfflM: 

'Vitamin B.*' * 

Tocopherds* (tokos (<3reek) meaning childbirth, phero (Greek) meaning to bear). 
Anti-encephahMnalacia vitamin. 

Factor X.* 

Antisterility factor. 

Reproductive vitamin. 

Sterilamine.* 

Fertility vitamin. 

The members of the groiqt of vitamins E: 

1 . efToeopherd,JO«iRiiPt. 

Synonym: 6,7,8-Trimethyl-tocol,‘ 



* H. M. Evmm ud K. & Biihop, Sa*nc$, M, 660 (W22); Am. J. PhtsM., 66, 396 (1982); J. Am, 
Utd. Amsm., si, 889 (1923); J. UtUMit Rattrth, t, 819, 885 (1922). 

* B. Suf*. y. JWW. Oum.. 19, 19 (1924). 

* H. II. Bvwm, 0. H. BmctMB sad 0. A. Bmerwa, ftM., 113, 819 (1986). 

* a. L. JoMt, Seknc*, 480 (1928). the 

* P. Md H. Prit*.cli.. BO,. Chim. AM. 21, 12M (1988), ^ 

dM or teeopberoli vKhout •ubatituwU in the beotene iuieta». The fuffe 
indicated by (oihnrtag the Oeam-aomeadature priadple tor ehroawns. Accordingiy, ocop 
is 6.7A-triairthyI-toed, d-tocophetd is SA-dUaethyUocd, etc. 
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2. fi-Tocopheroi, CnHaCH. 

Sytumyna: Cumo-tocopheFol/ neo-tocopherol* ^xylo-tocopherol,’ 5*8-dtinethyl- 
tocol.* 



3. y-Tocopherol, CtsHisOi. 

Synonyms: o-Xylo-tocopherol** 7*8-dimethyl-tocol.* 



BiBcAcy: 

1 f. a-tocopherol «■ 400 Rat Units. 

1 g. j9-tocopherol 200 Rat Units. 

1 g. Y'tocopherol 200 Rat Units. 

1 g. synthetic racemic tocopherol acetate (i/-a-tocopherol acetate) 1000 Interna* 
tional units. 


2. Chronology 

1920 Matill and Conklin* observed disturbances in the reproduction of rats on 
special milk diets. 

1922 Evans and Bishop* reported failure of rats to reproduce when on a purified diet 
and recognized the missing factor as a vitamin. 

1927 Evans and Burr^* recognized that vitamin E is non-saponifiable. 

1923-1930 Evans and Borr^^ and Gobttsch and Pafpbnbbimbr** described the 

« W. John* 2. I^ysiol. Chem., 2S0 , 11 (1987). 

• Accordiaz to a soggeition by O. H. Bmenoa aad L. I. Smith* J, Am. Ckem, Soc., e2» 1S09 (1940), 
the •ubetitotioB in the arometic Hag of the tocopherol stnicture if indicated In the name of the to- 
copherol by a prefix which defcribet the tubsUtutioiiin tenniof limple benaene derivativea, eneh aa o-, 
m- and P-i^lo-toeopherol, toln-tocopheroli, etc. 

• M. A. Matill and R. B. ConkUa, /. BM. Ckem., 44» 187 (1920). 

• K. M. Bvaof and X. 8. Bishop, Sctsom. 96 , 650 (1922); Am. J, Fhyiiol., 68, 896 (1922); J. Am. 
M«d. Asso€.» 81, 889 (1922); J. Miiabalk Kssserf*, 1, 819, 885 (1922). 

M H. M. Beans and G. O. Burr, Mm. Unh. Cdif., No. 8 (1927). 
n H. M. Evans and G. O. Burr, J, BM. Ckm., 76, 278 (1928). 

u M. Goettsch, J^oc. Soc. ExpU^ BM. MM., 27, 564 (1980). A. M. Pappcnhelaicr, JM., 27, 567, 
568 (1980). M. Goettsch and A. M. Poppenheloier, J. BmpU. MM., 54, 145 (1981). 
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oocutrence of a specific muscular dystrophy in nts, nbbits atiil guitKa on ft 

vitaadn B-defident diet. 

1036 Evaio. Pkcb^ and Biibmon>* isolated two diffnent vitamins B (a- and /»• 
tocophercd) in tbe fonn of crystallized esters. 

1937-1038 FntMBOU'*' “ elucidated the chemical structure of a-tocopherol. 

1938 Kakrbr, followed by L. I. .Smith and by Todd synthesized tocopherol.'* 

3. Occurrence 

The group of vitamins E occurs predominantly in plant materials. The 
animal organism contains only small amounts. 

The best natural source of vitamins E is vegetable oils, such as wheat 
germ oil whidi contains especially high amounts. Varying amounts of 
this group of vitamins are found in cottonseed oil,^^ rice germ oil and other 
seed germ oils.** OUve oil does not contain any vitamins E, arachis oil 
contains traces.** Lettuce, alfalfa, etc., contain considerable amounts, 
oranges and bananas small amounts. Animal materials contain little 
vitamin E. The highest amount has been found** in livers (of horse and 
cattle, but not of rats**> **) and small amounts are present in the muscles, 
heart, kidne]rs, placenta, milk and eggs. Fish liver oils, which are espe- 
cially rich in the vitamins A and D, are poor in vitamin E. 

Different vitamins E or different mixtures of vitamins E occur in the 
various natural sources. Thus, a- and 0-tocopherols have been found in 
wheat germ oils but not always in the same relative proportions. In 
European oil the jS-compound is the main principle, while in American 
sources the a-form is the predominant factor with smaller quantities of y~ 
tocopherol.** Cottonseed oil, palm oil and com oil** contain predomi- 
nantiy y-tocoph^rol besides small amounts of a-tocopherol. 

The tocopherols occur in the free form,** at least to a considerable extent, 
in the seed oils. It is believed that some occur esterified, but no definite 
data concerning this are available. 

D H. M. Bvuw, O. H. Bncnoa and G. A. Bmenod, /. Biot. Chtm.. 113. SIR (IttSS). 

■« B. Fcrahab. J. Am. Chtm. Sot., M, 1134 (IRST). 

B. Fccalul*, /M., Mb 700 (1S88). 

'* See the literature references on page 44.1. 

» H. & Oleott. /. Btat. Chtm., 107, 471 (1984). 

** H. H. Bvaasaad O. O. Burr, Prot. Nall. Acad. Sd. V. S., 11,334 (1983). H. S. Oleott and H. A. 
Matill, /. BM. Chtm., 104» 483 (1984). 

> A. L. Baeharack. B. AOMonw sad R. B. Biochtm. J., 31, 8887 (1987). 

■ r. Kamr, W. JmtVt oad B. B«ner, Btk. Chtm. Acte. 83, 4M (1940). 

” W. P. J. CvthbfMMa, R. It..ltidiewar and J. C. Dromaood, BteekcM. 34, 84 (1040). 

** T. Moon, A. }. P. SCania and K. R. Bajagopal, Sot. Chtm. lad. Ptoi Oroap, 1989, 41. 

" A. R. ToM, P. Baqal aad T. & Work, Bitihtm, 81. 8887 (1987). 

** O. H. Baaaaaa, O. A. Baumo aad B. 8f. Bvaai, Scfanc*. 8^ 198 (1989). 

* A. R. ISOH aad J. C. Dmauanad, Blothtm. /., 88. 1038 (10a». 
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The tocopherols ocqtr naturally together with other compounds of un- 
known constitution whidi are even stronger antioxidants than the vitamins 
E and which protect the vitamins i^iainst oxidation. 

4. Isolation 

The isolation of the vitamins E is usually carried out by first isolating 
the unsaponifiable part of the vitamin E-containing material. Wheat 
germs, for example, are dried and extracted with an organic solirent, such as 
chloroform, ether, etc. Another method is to press the ge^]^ to collect 
the oil and to extract the residues. The total fats are then mponified at 
room temperature with, for example, 20% alcoholic potasaum wdroxide in 
the absence of oxygen and the non-saponifiable part (approxiWtely 5% 
of the oil) is extracted with an organic solvent. Sterols constitute up to 
90% of the non-saponifiable material and are separated by crystallization 
from suitable solvents such as alcohols, pentane, etc. The last traces are 
then removed by precipitation with digitonin. The remaining oil can be 
purified by distillation, the vitamin E-containing fraction being carried 
over at 200-250“ C. at 0.1 mm. pressure.*** **• *• Some of the vitamin is, 
however, lost in this procedure. Some purification of the unsaponifiable 
mass can be aclueved by partition between different solvents, such as 
methanol and petroleum ether,*** ** whereby the vitamin goes into the 
latter. By utilization of the principle of the chromatographic adsorption 
on aluminum oxide, a certain further purification can be achieved."* ’* 

Instead of first isolating the non-saponifiable part, the vitamins E can 
also be obtained in improved yields directly from, for example, wheat gam 
oils, by application of the principle of the chromatographic adsorption 
method.** 

Pinal isolation of the vitamins E is achieved by precipitation in the form 
of a crystallized ester. The allophanates are especially useful for this pur- 
pose.** By fractional crystallization of these esters, the members of the 
group of vitamins E are separated. The most insoluble faction represents 
the a-tocopherol, and from its mother liquors the allophanates of the /S- 

» H. a Oicott. /. SM. Clum.. IW, 471 (1984). 

B B. S. OlcoM and B. A. MatiU, OU., 104, 433 (1934). B. 8. Oicott, tUi.. IIO, 696 (1935). 

» F. W. Quaekcnbudi. B. h. OottUcb aad B. StMObodk. Jni. Bat- Ckm., 33, 1376 (1941). 

« B. M. Bconc, O. B. Bnccna oaid O. A. Bonnna, /»M.. 113, 319 (1936). . 

« A. B. Todd, F. Bcrgol add T. & Work, S<o(*«w. 7.. 31, 3367 (1937). 

•I J. C. Draanwad, B. Siaiar aad B. J. MaeWaitcr, /SM., 39, 456, 3510 (1935). 

J. C. Dnsinmoiid Mid A. A. Hoover, /WA, lls IBM (19317). 

M A. R. MoMJAd J. C. DnimoMMid, /W., BA 199$ (19B8)o 

M H. M. fivm, O. H. BmerMii ead O. A. BmerMm, BifA. Chm., tU. 319 (1936). 
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tsotn^r aj^’e pecovered. The 7 «isoiner has been isolated frmi a different 
source by the same technic.’* 

An effi rfen t separation of the a- and j3-tocopherols is also achieved by 
the adsorption method. 

S. Properties 

The a-, j8- and 7 »isomers of tocopherol are oils which have not been 
obtained in the crystalline state. Certain esters* however* such as the 



A — ► 


Fig. 23 .— Absorption spectra of a- and fi-toco- 
pherol and of their ailophanates. (H. Rudy 
in W. Stepp* Erndhrungslehre,) 

ailophanates* p-nitrophenyl-urethanesand 3,5-dinitro-benzoates are crystal- 
line. The tocopherols have a characteristic absorption spectrum in the 
ultraviolet with a tn ayii i nmn at 295 m/i which is tti^laced to 283 m/i in the 
esters* such as the acetates. The extinction coefficient for a-tocopherol* for 
example* is » approximately 77* while the coefficient of the esters is 
reduced to approximately 42 (Fig. 23). 

In the absence of oxygen* the vitamins £ are stable to heat treatment up 
to 200"^ C. and are not affect by sulfuric or hydzodiloric acid up to 100'’ C. 

» O. n. Bnwmm* G. A. BflMTKm and K. M. Bvaot. Sdtnu, SI* 421 (1286). 
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Alkali destroys the vitamins of this group only very slowiy, so that they can 
be obtained by alkaline saponification. The tooopherols are, however, 
quite sensitive to oxidation, which process destroys the biological activity. 

The vitamins £ are soluble in all lipoid solvents, but axe insoluble in 
water. They are fairly stable to visible light, but axe destroyed readily by 
ultraviolet light.** 

The tooopherols axe effective antioxidants, the v-isomer being more 
effective than the pAsomer, which in turn is more effective than the a* 
isomer. ** Thus the antioxidant power is the reverse of the vitamin activity 
and is dependent upon the presence of a free phenolic hydroxyl gpup, which 
is not necessarily important for the vitamin action (see page 449). 

6. Chemical Constitution 

(a) ot-Tocofherol ^ 

a-Tocopherol has the empirical formula Ci»HtoO|. One of the oxygens is 
present in the form of a free hydroxyl group since the vitamin readily forms 
esters*** *•• and ethers. The phenolic character of 'this hydroxyl group 


CHt 



01 ) (III) 

Dturoqithioiw Xsopseudo-cumenpl 

M J. C. Dninmowl, B. Siagtr aad R. J. MteW»Itcr, Biotktm, S*, 4M, 8510 (1085). 
n K. a Oleott cad O. K. Bmaraon. /. Am. CI«m. Soc., 80, lOOS (1087). 

» a. a Oleott;, /. AM. Ck$m„ 107,471 (1084). 

» a. a Oleett, /N4., no, 005 (1885). 

« a. a Oleect Md H. A. Matin, IHA, 104,488 (1084). 
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WBS suspected on the basu) of the change of the absorption i^iectruni upon 
cstesification.4f Upon pyrolyas, a-tocopherol yields" duioquinone (II), 
while isopsrado-cumenol (paeudo-cumenol-6) (III) is obtained by Hooting 
with hydriodic add." Upon hydrogenation four mols of hydrogen are 
absorb^." 

Further insight into the structure of a-tocophool was obtained by oxida- 
tive degradation with chromic add, whereby the following reaction prod- 
ucts were isolated; dimethyl-maldc anhydride (IV), diacetyl (V), ace- 
tone (VI), a Cti-lactone (VII), a C«-ketone (VIII) and a Cw-add (IX).« 


HO— I 


CHi— ' 



I I?* 

i" c4-CHr-CHr-CHr-CH-CHr-CHr-CHr-CH-Cai,--CHt-CH,4-dH 


CH« 




(!:hi 


a) 


\ ' 
CHi 


i-C-COv 

,4-c> 


CHr-C« 
CHi 


(rv) 

CO 

CHr-ix) 

(V) 


CrC)i 


CH« 

c/ 

(VI) 


CB, 

CHi— CHr-CHr-CH— CHr-CHi— CHr -CH -CH,— CHi 

<^Hi ^ 


CH, 


CH. 


CHt -^H 


\ 

CH, 


(VII) 


" W. Jolui, Z. pkytM. a$m., IM. U (1087). W. Johs, B. Oictid and P. Oaotinr. IM., 2S2, SOS 
USSQ; irotw«towMdb«/im. 86, 366 (1088). W. Jolm. Z. ptyM. Ckm., 2S2. 228 (1086). 

** B. Pmeab. /. Am. CSm. Soc., 60. 1184 (1087). 

' « P. Bawl, A. n. Tadd oad T. S. Work, J. Ckm. 5oe.. 10881, 863. 

" W. Joha, Z'. MkM. Ckm., 860. tt (1087). W. Joho, B. Dicud ond P. Oaothtr, liU.. 868, SM 
Jftmhriurnuihfim, 86, 866 (1081}. W. Joha. Z. Ckm.. 888, 828 (1088). * 
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CH» 

06==C-<air-<»i-<»r--CH-<air-CH|--CHr--CH— CHr-^ 

<!^ ^ 

(VIII) 

CH« 

-Clfc-CH— CHr-CHr-CHr-^ 


HOOC— CHr-CH»— CH -CHr-CHr 


(!:Hi 


(IX) 


(in, 




Of these, the Cu-lactone is of greatest importance. The hydroxy-add, 
from which the lactone is derived, lactonizes readily thus mdicating that 
the hydroxyl group is in either y- or 4-position to the carboxyl group. The 
methyl-ester of the hyuroxy-add could not be oxidized to a Imto-add which 
proves that the hydroxyl group is tertiary. Additional evidenceWor this 
fact is furnished by the difficulty encountered upon attempted estermcation 
of this hydrmyl group. The Cu-add (IX) served for a determination of 
the side chain methyl groups, which indicated the presence of three. In 
analogy to many naturally occurring compounds of the terpene family 
which follow the isoprene rule, formula (IX) was postulated for the Cu-add 
and formula (I) for a-tocopherol. The correctness of this formula, at least 
as far as the structure of the aliphatic side chain is concerned, is Evident 
from the successful synthesis of this vitamin from phytol. 

The formula of a-tocopherol (I) shows the presence of a chroman ring 
system. That such a ring system and not a coumaran structure occurs was 
proved^* by careful oxidation with ferric chloride or with silver nitrate, 
which yidded a yellow quinone (X).*'^ This undergoes reduction to a 
hydroquinone, wUch is a hydioxy-quinol (“Tocopheryl-quinol") (XI). 
Upon esterification of the phenolic hydroxyl groups the remaining aliphatic 
hydrox)^ group was investigated and showed all the properties of a tertiary 
hydroxyl group in oxidation and esterification experiments. A coumaran 
compound (XII), on the other hand, should have given a secondary 
hydroxyl group (XIII). The h 3 rdrc»cy-quinol (XI) can be reconverted 
into a-tocophcrol by treatment with strong mineral adds. 

The tocc^herols have three asymmetric centg^ namdy, at carbon atoms 
2, 4' and 8'. It is still an open question whether or aot each of the natur- 
ally oanuring tocopherols represents one of the eij^t posable isomers. 
Available evidence indicates that the natural products may be racemic 
about all three as 3 rmmetric centers.^ 


^ P. K«rrer, R. B«cher» H. Pritsscliet H. Kdler. B. H. Riacier aad H. Satomoo* Heh, Ckim, A€ia, 21t 
P. Karrar. H. B. H, fUafict aiul H. aalomoa, JHd., 22, im (1280), 
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CHi 

O I CH, 

/V^ C-C„H« 

«, T O /I 

CHi HOCH, 


C— -CiiHii 

HdCH, 


CHi 
HO I 

i Jv CH-CH— C,JI|, 
(XII) 


H— CH— C,«H« 


CH,° 

(XIII) 


(b) ^-Tocopherol 

jd'Tocopherol has the emi^cal formula CmHmOs and thus differs from 
the empirical formula of a-tocopherol only by one CHi-group. Upon 
pyrolysis of the /3-compound, trimethyl-hydroquinone**’ ** (^^-cumoquinol) 
(II) resulted and upon deavage with hydriodic add, ^xytenol (III) was 
obtained. Oxidation of /3-tocopherol with chromic add yidded the same 
Cti-lactone (IV)** which was obtained from the a-isomer. ^-Tocopherol 
is thus the lower homolog of a-tocopherol with only two methyl groups in 
the aromatic ring of the molecule, lliese two methyl groups are in ^ 
position to each other. /S-Tocopherol has therefore the strucfrire (I) which 
was proved by syntheas. 

« W. Jciba. Z. Mrtiol. Chtm., 2S0, U (1937). W. Jotai, B. DietscI ud P. Oaathcr, iUe., 2S2, 308 
(1938); N«(ttf«jiMueka/llm,i8,868 (1988). W. laha. JE. jAyiiol. Clkm.. 383, 388 (1988). 

« P. Bold, A. a. Todd and T. S. Woik, J. S»c. Ck*m. /«d., 88, 1084 (1987). 

• O. H. Ummcn, J. Am. Otm. S*c., 90. 1741 (1918). 
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HO- 



— CHrCHrCHrCHCHrCHiCHrCHCHiCHfCHiCH 


CHi 

/ 


in. 




(I) 


^H, 



One position in the benzene nucleus of |3-tocopherol is not substituted. 
This fact could be proved by the introduction of an allyl group by means of 
allyl bromide and zinc chloride.*** 


(c) y-Tocopho'ol 

Y-Tocophm>l has the empirical formula CiiHttOt and is therefore an 
isomer of jS-tocophool. P]m>lym yields the -same compound as does the 
pyiolyw of d-tocophool, namdy, trimethyl-hydroquinone. Oxidation 
with diromic add yields dimetiqd-maleic anhydride.** y-Tocopherol is 
thus 0 -zylo-tooopherol (I); 

" P. KMmt, a. Bidar. a PUtudw, a Uhr. B. H. Klagte aad a SdoM, SOt. CMm. AM, 
Uttwasss). 

n O. a Bmmb aad L. I. Snitli, /. Am. dum. Set., «t, 18SS (1S40>. 
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7. Syntbesis 


The three known vitamins E, /3- and Y-tocopherol have been ^the- 
nzed according to the same principle ; Alkylated hydroquinone is reacted 
with ph 3 r^l halide in the presence of a catalyst to form, in one reaction, the 
de«red clu-oman derivative. Thus trimethyl-hydroquinone (I) condenses 
with phytyl bromide (II) in benzene solution in the presence of zinc chloride 
to give in almost quantitative yield df-a-tocopherol (III).** Instead of 
the phsrtyl halide, phytol** or phytadiene** can be used successfully. The 
condensation with any of these three phytyl compounds can be accom- 
plished without catalysts. The s}mthetic d/-fonn (racemic about position 
2 and perhaps about carbon atoms 4' and 8') can be resolved by esterifica- 
tion with bromo-camphor-sulfonic add to yield an ester which appears to be 
identical with the naturally occurring a-tocopherol.**- *• 

The syntheses of /S- and of y-tocopherol have been carried out by the 
same methods.” Isomeric xylo-hydroquinones have been reacted with 
phytyl compounds to yield the racemic d-tocopherol (V) from p-xylo- 
h3rdroquinone (IV) and the racemic y-tocopherol (IX) from o-xylo-h 3 rdro- 
quinone (VIII). A number of by-products are obtained in these reactions 
by condensation of the hydroquinone with two molecules of the phytyl 
compound. The yield of these by-products is greater when zinc chloride 
is used as a catalyst than when formic add is employed.** The two types of 
by-products which are obtained from, for'exampk, p-xylo-hydroquinone, 
are diown in formulas (VI) and (VII). Better yields of the tocols are also 
obtained when mono-esters of the quinols, for example, the mono-ben- 

" P. KWnr, H. Pritnche, B. B. Kioiiu' ud H. Satomnii, Bth. Cktm. Aet», 31, UO, 920 (1988); 
imn. Ut. 10|j)7 (1987). 

np.Bttid A.M.C«ppiac.A. Jac0b,a.a.Taddaa4T.&WeA.iraMi«,l«2,SS<1988): 

Ste., leia 18S8. 

M L. I. SadO^ H. B. Uafud* ud W. W. Prichttd, 5c<nM», 88. 87 (1988). 

•• P. Kmr, H. Pritndw. B. H. BJaglw aad B. Salmaan, B(i». CMm. dcto, 31. 830, 830 (1938); IT*- 
nuv, Ht, 1087 (1087). 

• P. Kmiw, B. Koenit, B. B. RloShr aad B. SaloaMe, Stk. CMm. AOt. 33. 1180 (1989). 

" P. Bamr aad B. Pritiadw, ItU., 31, 1384 (1988); 33, 300 (1989). 

■ P. mwar. B. Boaaif. B. B. lUagiar aad B. Satwaea. /M4.. 33, 1180 (1089). 
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(IX) 


An entirely different type of ^thesis should be mentioned^hich has no 
utility for the preparation of the tocopherols proper, but which has been 
used successfully for the preparation of amilw compounds with different 
aliphatic side chains. 5,7,8-Trimethyl-6-hydroxy-3,4-dihydro-coumarin 
is condensed with a mixture of methyl«magnesium-halide and alkyl-mag- 
nesium-halide to yield the desired tocopherol-homolog.*** 


CH. 
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CH, 

1 

CHiMgl 

HO- 

t 1 

\J 

v> 

Alkyl MgBr ' 
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Again a different t 3 rpe of synthesis, not well suited for the tocopherols 
themsdves but attractive for certain of their homologs (IV), is the Ckignard 
reaction of the ketone (III)*'* ** with an alkyl-magnesium-halide, foUowed 
by treatment with hydrobromic acid: 



+ Alkyl MgBr + HBr 



A last method ^uld be mentioned which has been used for the prepara- 
tion of tocol homobgs. This consists of the introduction of a second alkyl 
group in the 2-position of a 2-methyl-6-hydroxy-chroman acccnding to the 
reaction scheme:** 


• W. Jobn, f. CWathtf wid M. Sebncil, Ber., n, S037 0638). 
u W. Jotan ud P. Oaather, liU., 73, 1649 (1BS9). 

«• L. I. Smltk, R. B. Uagasd*. J. W. Opi*. W. W. Priehud, a. B. CwUs aad B. W. Kuiicr, J. Or«. 
Oum., «. 838 (1338). 

*> W. Jaha and M, SdiDMU, 8tr,. 72, 1888 (1988). 
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8. Industrial Methods (rf Preparation 

Vitamin E is marketed in the form of concentrates from natural sources 
and in the form of the racemic d/-a-tocopherol obtained by synthesis. The 
latter is preferred by the medical profession. The methods used for these 
processes are those which have already been described in the sections on 
the isolation and synthesis. The synthetic tocopherol is sold in the forpi of 
the acetate which is at least as active as the free phenol and has the advan- 
tage of greater stability toward oxidation.*^ The most important industrial 
method for the concentration of vitamins £ from natural oils is the short 
path, high vacuum molecular distillation. The natural vitamin E can be 
stabilized by the addition of antioxidants, such as hydroquinone or ascorbic 
acid.” 

9. Biogenesis 

Nothing defimte is known about the biogenesis of the vitamins E. They 
are not synthesized in the animal organism, but in the plant. It can be 
assumed that the s3mthesis in the plant cells is similar in principle to the 
laboratory methods for the ^thesis of the tocopherols. Phytol occurs 
in relatively large quantities in the plant, mainly in esteiified form in chloro- 
phyll but also in the bee state as, for example, in gum oils." There is some 
evidence for the assumption that vitamins E are synthesized preferentially 
in the green parts. If this is true, the vitamin is tranqwrted into the seeds, 
sduch untally contain higher amounts than, for example, the leaves. Of 
1 interest is the observation that phmt emtnyos, for example, wheat 


M O. Ider, aav. CUm. Aeta., 31. 1756 (1988). 

• A. R. Todd. F. B«ad and T. a Work. Biodum. J., 81. 8867 (1987). 
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germs, ccmtaan more vitamin B than the seed contained and more per unit 
waght than the idant will contain at any other stage of its life. 

The a nim al organism (for example, rat) cannot synthesize vitandns £ 
as has been stated before. Such a synthesis in vivo does not occur, even 
when the starting materials of the laboratory synthesis, namely, phytol and 
tiimethyl-hydroquinone, are fed to the animals.** 

10. Specificity 

Synthetic dl-a-tocopherol has the same biological efficacy as the natur- 
ally occurring ot-tocopherol (2-3 mg. correspond to one Rat Unit). The 

and the y-isomers are only half as active as the a-isomer (activity 5 mg.), 
edtereas the m-xylo-tocopherol, which has not been found in nature, appears 
to be almost as active as the a-tbcopherol (activity 3 mg.). Most esters of 
the tocopherols show excellent vitamin E efl5.caty,*^’ ** witii the exception of 
the aUophanates which are completely inactive. The acetate, propionate 
and butyrate are said to be even more active than the free vitamin.** The 
phosphoric add ester of dl-a-tocopherol upon parenteral administration is 
more active than the vitamin itself.** Etherification brings about a com- 
plete loss of activity. 

The tocopherol-quinones are not Inologically active.”- ”• ” Ibe 
difference in activity (in rats) of the naturally occurring vitamins E points 
toward a relatively great spedfidty of this vitamin. This has been sub- 
stantiated by the preparation and biological evaluation of a great number 
of compounds of more or less similar structure to the tocoidierols. Varyii^ 
the substituents of the benzene ring, it was found that 5,7-dimethyl-8- 
ethyl-tocol**- ** and a diethyl-methyl-tocol” are active in a minimum dose 
of 10 mg. while mono-methyl-tocol and 5,7-diethyl-tocol are not active even 
in doses of 40-60 mg.”- ” Toool itself” and 6-desoxy-tocol,” at least up 
to 100 mg.-doses, are also inactive. 

•• H. M. Bvuu, O. a. Bnom, O. A. Enenoo, L. I. Smith, H. B. W. W. Pridurd, P. L. 

AutiB. H. a. Bodm, J. W. Opb and & WkwsmiA, /. Orf. Chtm., 4, STS (USB). 

" O. bter, adf. CUm. Aaa. 21. 1786 (ISSS). 

•• V. Dmaoile, O. Ulcr, B. a. Klncter. B. Sdomoa uu! P. Xhmr, iW.. 82, 66 (19S6). 

•• P. Ximt and O. Btummaa, lUd.. 88. 11S7 (1S80). 

«P. I^maad A. Od|v, r»M., 88. 488 (ISaQ. 

” W. John. B. DMtid ud W. Bmtc, Z. tkyttel. Ctem., 8S7. 180 (1686). 

n P. Xttttr. a. SdooMm and B. Fritamha, Bdt. CUm. Acte, 81, SOB <1BS8). 

n U, D. Wright and I, C. DraanMad, BtecAcm. 84. 82 (1B40). 

N P, Ibmr, a, Kaaaig, B. B. Biagiw aad H. Sahaaaa, Brie. CUm. Aat, 22 1 13B (tB3B). 

» P. Xanrw aad O. BaCaMao. JUA, 28. 684 llBSB). 

X P. Banar aad O. BoSanaa, lUd., 28. IIM <1040). 

n P. Btenm aad B. Prttaadw, iUi.. 21. 1S84 (IBSS); 22. »0 (1088). 

B A. Jatab. F. K. SatdiSa aad A. B. Todd. >. CUm. Sac.. 1040, 887. 

»F. Waite. T. Man aad F. Jaag , Z. pApriat. Cite., 287. 1» (IBSB). 
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Of qiedal intoest is the oaphtho-tocophaol (I) which shows vitamin E 
activity in 25-mg, doses, but also shows vitamin K activity in doses be- 
tween 300 and 600 y.** 


CH. 


CHi 


HC 


iH, CH, 

j 1 C— (CH,)r-CH— (CH,)r-CH— (CH,)r-CjH 
1 o ^H, in, ([h, 'bn, 


(I) 

The introduction of a double bond into the chroman ring wil^ the 
formation of a d/-3,4-dehydro-a-tocopherol has no significant influence on 
the activity, which is about 6 mg.*‘ 

The structure of the long aliphatic side chain on the 2-position is of great 
importance for the biological efficacy. Shortening this chain by one iso- 
prene unit,*^ that is by five carbon atoms, or by two such units*’ causes loss 
of the activity (tested up to 40 mg.). The same is true for similar sub- 
stances which contain double bonds in the side chain, for example, for the 
compound prepared from trimethyl-hydroquinone and famei^l-brom^e,** 
Compounds which have instead of the long aliphatic side chain only a 
methyl group or no side chain at all are also inactive.** Activity in a 50- 
60-mg. dose has, however, been claimed for a 2-dodecyl-2,5,7,S-tetra- 
methyl-6-oxy-chroman.** 

A number of other compounds which are less closely related chemically 
to the tocopherols have been investigated for vitamin E activity. Sur- 
prisingly enough some have been found active, at least in the rat test 
which is ccnnmonly employed for the determination of vitamins £. All 
these other compounds, however, are active only in doses of an entirely 
different order of magnitude. Thus several hydroquinones, their esters and 
ethers have been found active, o- and p-Xylo-hydroquinone but not the 
IB-derivative, are active in lUO-mg. doses.*’ Trimethyl-hydroquinone and 
durohydroquinone, but not trimethyl-ethyl-bydroquinone, are active at 
the same level. A naphthoquinone, namely, '~the 2,3-dimethyl-5,6k7,8- 


■ M. Tbhtar, L. P. Piewr ud N. L. Wcodler, J. Am. Chtm. Sat., S3, 1983 (1940). 

•> P. Kunr, a. a Lcfter aad O. Sdrasb, UOt. CMm. Aita, 33, 1182 (1940). 

•< P. Kurcr aad E. A. Jfcaiea. tbU., 31, 1623 (1988). 
n P. Kmtm ud K. S. Tap, /M., 28. 881 (1940); 

« P. Kamr and X. A. JadMB. IbU., 31, 1623 (1988). 

• P. Kamr, R. Bacbcr, H. Fritaidie, H. Kdlar, B. H. Rinsiar aad B. Satomu, IbU., 31,989 (1988). 
>• W. Joha, P. OSathar and M. Sehmit, Bw., ri, 2687 (1988). 

^ F. r. Wcrder* T. Moll and F. Jong, Z, 129 (1989). 
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tetrah3rdn>>l,4*tuipht]icxitiiiioiie is xeported to be active at lev^** 
A conaideiaUe number of esters and of ethers of trimethyl* and of tetra- 
methyl'hydroqidnone have be«i tested and practically all of *hw thorn 
some activity at h^h levels."’ *^ **• •< The simple phenols and phmiol* 
ethers ate inactive, but s-allyl-tdienol, di-o-hexenyl*phenol and p-amino*o- 
allyl-phenpl are active." 

Chronum itself is active, as are the 2,2*diethyl- and 2,2-di*»-butyl* 
derivatives but not the corresponding derivatives with odd numbers of 
carbon atoms. 2,5,7,8*Tetramethyl-chroman and 2,2,5,7,8-penta|nethyl-6- 
hydroxy-chroman are also active. Quite a number of ooumarins have been 
tested and were found to be inactive with the exception of compound (1) 
which is said to be active in doses as low as 20 mg. 2-Methyl-coumaran, 
2,2,7*trimethyl-coumaran and 2,3,4, 6,7*pentunethyl*5*hydroxy-coumaran 
show activity at about 100-mg. doses. 


CH. 



11 . Determination 

The only reliable method for evaluating vitamins B is the biotegical 
assay based on a 'comparison with the synthetic d/-a*tocopherol. The 
ph 3 rncal and diemical methods have a number of shortcomings, the most 
important of whidi is that it is impossible to differentiate between the a-, 
jS* and 7 -isomers, which have different biological efficacies. Furthermore^ 
the necessity of applying isolation procedures in order to separate interfer- 
ii^ substances causes considerable loss! 

<o) Physical Metiuds 

%ectn>i60flcai Detexndiuittoii."’ *^The detmnination of vitamin B 
in alcohol or cydohexane sdution by its diaracteristic absorption spectrum 

«.F. ▼. W«rdw aad T. Men, AM., S8«, S» (ISM). 

■ H. K. Bvue. O. R. Baetm tad O. A. Bmnea. SS, ISS cam. 

* « B. FanAale aad J. PiaMtttie. /. Am. Ckm. Sec., «, SMS (ISSn. 

•• R. M. Bvea«.0. H. BaHceea, O. A. BaMMoo, L. 1. SadUi, H. B. UataMc. W. W. Meheid. P. L. 
AaMa, H. B. Had*. J. W. Osie aad A W ewt eae fc , J. On. CSm.. 4. 37« (ISSS). 

•• T. MOKt aad K. R. BaJtCWB, Bfedheia. M. 3» (1940). 

W. P. }. CatMwrtwa, K. B. Btdaawaip aad r. C. OnnaaMad. AM.. 94, 94 (HMO). 
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with a maximum of 294 mu can only be recommended for solutions of the 
pure or almost pure compounds. The naturally occurring substances 
with vitamin E activity cominrise, besides o-tocopherol, its esters, which 
have different absmption maxima and less pronounced extinction coeffi- 
cients, for example, a-tocopherol, £i 284 mu » about 77 ; a-tocopherol 
acetate, 285 mu ^ about 42. Furthermore, even traces of vitamin A 
interfere doe to the strong absorption characteristics 328 m^ — 

1725]. 

Natural materi&ls, such as plant oils and the fat extract of anifnal ma- 
terials, contain many other substances adiich have no vitamin E Uctivit}' 
but exhibit absorption in the region of the vitamin E absorption sj^trum 
and interfere therefore with the spectroscopical determination W the 
vitamin. Furthermore, any extraction of the vitamin from animal tissues 
causes some loss. In order to obtain any data, it is necessary to saponify 
the material, for example, the fat extract, germ oil, etc. The saponification 
destroys further amounts of the vitamin,** unless it is carried out under 
most carefully controlled conditions.** 

A modification of the spectroscopical determination of the tocopherols 
consists in the spectroscopical determination of the oxidation product of 
the vitamin.** The vitamin is best oxidized** with a 5% solution of silver 
nitrate in 90% methyl alcohol. The quinone formed shows an absorption 
maximum at 265 mu with an extinction coefficient about four times as high 
as that of the vitamin itself. Spectroscopical assays are run before and 
after the oxidation of the vitamin to exclude the values obtained from any 
previouriy oxidized material. 


(b) Ckemicai M^hods 


Ferric Chloride-Dipyridyl Method.**— -This method is based on the 
oxidation of vitamin E in idcoholic solution by ferric chloride.** An addi- 
tion of <t,a'-dipyridyl develops a characteristic red color with the resulting 
ferrous chloride. A blank is run with each determination. Working in 
subdimd lig^t is recommended, ance sunlight tetids to cause a development 
of color in the blank solution. 


A. Bouaerlc and C. Bttgal, Bm. Irov. St» 995 (1989). 

A. Baunerie, iM., 89s 846 (1940). 

W. John. Stc. Cktm, Imd, Food Group, 1959, 98. 

W. K. J. CuthtMcrtaoMi B. R. Ridgeway and J. C. DruBunood* Bioekom* J., Hs 84 (1940) 
A. Kmoerie aad C. Bngd. ffoimN, 142, 878 (1988); Rtc. irat. ckim., 87. 1851 (1981^. 

J. Wadddt and H. atoeabocks J. BM. Cfoai., 88, 481 (1928). 
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This method is not very specific since the colw is given by all redudng 
compoundb Other substuices, such as the carotenokk, interfere by ob- 
scuring the color of the forous dipyridyl. Althous^ is possitde to esti- 
mate the vitamin.B content of unsaponified <m1s, these <fils often ccmtain 
other reducing agents which can be removed by saponi^tion. The best 
r^ilts are obtained by hydrolysis with 2 N KOH-methanol solution for 10 
minutes.*** It has, furthermore, been suggested that all interfering sub- 
stances be adsorbed on, for examine, floridin, which has been activated by 
treatment with hydrochloric add.*** 

A modification of this procedure consists*** in treating the material to be 
assayed in a hexane or petroleum ether solution with 85% sulfuric add, 
followed by centrifuging and washing with dilute alkali. The intofering 
substances ate largely removed and the vitamin E is determined in the re- 
maining solution by ferric chknide and dipyridyl. 

Gold ddoride Metiiod.***' *** — ^Tbis method consists in the oxidation of 
vitamin £ with gold chloride at about 50* C. The progress of the reactkm 
is followed electrometrically. The equilibrium is but slowly establidied. 

The accuracy of this method, like that of the fmic chloride-dipyridyl 
method, is affected by other redudng substances, induding carotenoids. 
For accurate detmninations, this method requires larger quantities of the 
vitamin than needed in the ferric chlruide-dipyridyl method. 

Nitric Add Method.*** — ^Vitamin E, upon heating with alcoholic nitric 
acid, yields a charactoistic red color. The coloration is caused by the fuo- 
duction of the following compound:*** 



^nce other naturally occurring substances give similar, or at least yellow 
colors, the use of a filter limited to the wave band 450-520 mtt has been 

M A. Bmawie, Am. (rat. dtim. SS, 346 (1340). 

•M A. BouMtie aod C. Bmd. ItU., 68, 888 (1938). 

1** W. B. Purtwr Mud W. D. McFarlftac, Cam, J, RiuareK Its 406 (1040). 

P. Kaxnt, R. Biete, H. PritMclic. K. KaXkr, B. R. Riagier «iid H. adtomon. ffth, Cktm, AtU, tU 
m ( 1030 ). 

P. Kama aod H. Keller. ai» 1161 (1086). 

M U, Fttffter mad R. B. Meyer, ihid,, 32» 840 (1080). 

M L. I. W. B. IrWtt end H. K. (lagaede. J. 4iii. Ckm, Soc„ 61a 8484 (1080); Sciamea, 00. 884 
(1080). 
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advocated^ The color is then measured in one of the oommon of 
ootorhneters. 

A distinct disadvantage of this method is the fact that the ample Uo* 
logically inacti\% oxidation product of the tocopherols gives the same odor* 
ation with nitric add. Thus, vitamin B destroyed, fox examide, air 
oxidation or by ferric chloride, shows up in this test as being present as 
vitamin £. On the other hand, this method has the advantage that caro- 
tenoids do not interfere. Approimately used, this assay procedure is very 
convenient and rapid. 


(c) Bioiopcal Methods 

Fertility Teat on Rodents.***' *** For biological determinations W the 
vitamin E, female animals (rats) are usually preferred, since they cpn be 
essentially healed several times from the avitaminosis, whereas in males 
(rats) the damage done by the absence of the vitamin is irreparable. Rats 
are used usually in these tests, although occasionally other animals, for 
example, the rabbit,*** have been recommended. Female virgin rats pref- 
erably are used***' *** (at about 30 to 40 days after weaning), since the 
initial storage of the vitamin in the young can be controlled througl^ jda- 
cental and mammary transfer. 

The tests can be carried out by prophylactic or by curative methods, but 
the latter is conadeied much more reliable. The critermn is the proof of 
the occurrence of gestation and resorption of the fetuses. This can be 
accomplisbed by following the weight increase and decrease, respective^, 
after mating. Conception is proved by the plug, that is, the bouchon 
vaginale. Successful implantation of the ova can be verified by the pla- 
cental sign, that is, detection of blood in the vagina between the ninth and 
thirteenth da}rs after mating. The percentage fertility is measured in this 
test. An improved method which is based on a graded re^nse of the ani- 
mals consists in the autop^ of all animals at the tenth day of pregnancy. 
The evaluation comprises a determination of the weight of the uterus, both 
before and after removal of living fetuses, dead fetuses and resorption «tes. 
The results of this latter method are expresse<Mn the so-called “uterine 
index.” 

mtH. B. UBgaulc and L. I. Sadtb, J. Ort. Ckem., 4. 387 (1888). 

>■ H. M. Bvtaa and O. O. Burr, Proe. Bali. Acat. Sti. V. &, 11, m (I8SS). H. S. Oleott and B. A. 
klaUII, /. SM. UM. 423 (1884). 

w S. M. Bviaa and O. O. Burr. Utm, Unit. CMf.. No. S (1827). 

C. G. Madcawda and B. V. MeConum, /. fTalf Mon. 18. 845 (1840). 

>*> A. L. Bnaharafli, B. MMMma and H. B. GIraa. Btoftom. J., 51, 2287 (18871, ' 

A. Lo Bmdmnek tmA B. AUetaomc, /dW., 32, 119S <1988). 
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Fwlitttj Tflft OB Oophiiio. The use of Daphnia mogna, the hcom* 
parent cruata ce a, as a test animal has been su^[ested for the quantitative 
estimation of vitamin The criterion in this assay procedure is the 

growth of the oVaries and of the parthenogenic embryos in the brood sac. 

12. Standards 

Synthetic racemic alpha>tocopherol-acetate has been adopted as the 
international standard for vitamin E and it has been recommended that 
the International Unit for vitamin E be defined as the specific activity of 
1 mg. of the standard preparation. This quantity is the average amoimt 
which when administered orally, prevents resorption-gestation in rats 
deprived of vitamin E.“* The international standard is issued in the form 
of a solution in olive oil of which olle International Unit is contained in 

0.1 g. 

One Rat Unit, or the “fertility dose,” is the smallest amount of vitamin 
E which when given per os daily to resorption-sterile female rats for the 
entire period of gestation (21 days) brings about in 50% of the animals the 
birth of at least one living young. 

One Rat XJ^t, or the fertility dose, is equal to 2-3 mg. of a-tocopherol. 

The Padni-Linn Unit is equal to Vu of the “fertility dose.” 

The Bomticow Rat Unit*^* is the amount of vitamin E which when ad- 
ministered once during the first dght days of pregnancy prevents resorp- 
tion. 

13. Pl^siology of Plants and Microoiganiitms 

The presenf-day knowledge of the significance of the occurrence of vita- 
mins E in plants is very meager. It must be assumed that the tocopherols 
play a very definite role in the plant cdls, and that this role is not primarily 
concerned with the antioxidative properties of the compound. It is 
probably quite significant that the see^ usually contain Ugher amounts 
thmi any other part of the living plant On the other hand, the germs, for 
example, wheat germs, contain even higher amounts. The posability of 
an influence upon cell growth must therefore be conddered. 

Not all organisms contain tocopherote. The microwganism Phycomyces, 
for examine, does not seem to contain any at all as evident from electro- 
metric titration with gold chloride.”* 

»■ A. VlcttMw Md I. Cahea, An Ua 297 (t9SU: A. VMwcver. AsspCt OMciol AiP- 

Chtm., 22, 715 (19W). 

B. U, Mvkmt, JVitlwr. 142, 472 11941). 

C. Bomslcdw. Arch. expU. PkarmahtiU 190. 927. 025 (1928). 

W. achfoplw S. Blimcr, Z. VHminforsck., 9 , 244 (1829). 
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Vitamin K, when injected into higher plants in olive oil solution, exerts an 
inhibitory effect upon the growth (experiments with MeUandrium nlbum 
(Miller) Garke).«»« 


14. Animal Physiology 

(a) Melaholim of Vitamins K 

Vitamins K and their esters are easily absorbed from the intestinal tract, 
especially in the presence of bile acids.’” The vitamin is, however,; not well 
utilised when given parenterally.”* The vitamin is taken up by the blood 
in which its presence can be demonstrated. The blood of female mts con- 
tains approximately 5.6 7 and that of male rats 6.4 7 of tocopherols per 10 
cc. of serum.”* The blood level of tats can be increased up to 1(10 7 by 
oral administration of the vitamin. Upon an intake of esters, for exl^ple, 
the acetate, the free vitamin appears in the blood. 

No significant excretion of vitamin E is observed'** as long as normal 
doses of the vitamin are fed. The intake of excess doses causes the 
excretion of a certain amount in the feces,”** but only traces are found in 
the urine.”* This means that the vitamin is inactivated in the organism, 
probably by an oxidation mechanism. Since, furthermore, no ^mple 
oxidation products of the tocopherols are excreted, the vitamin molecule 
must be broken down in the organism (rats).”* 

Vitamins E are stored to a small, but significant extent in animal body 
fats,”** ’** in the muscles,”** and especially high amounts are found in the 
placenta and in .the anterior lobe of the pituitary gland. Vitamin E is 
secreted in the milk,’** and in the eggs of birds. 

The liver of horse and cattle contains unusually high amounts,’** but no 
vitamin E is stored in the liver of rats even on excessive dosage of the 
vitamin. ’** 


(ft) Physiological Action of Vitamins E 

Much work mid much speculation concerning the physiological action of 
the vitamins E arose when the constitution of the vitamins became known. 

J< D. Oremves aitd C. L. A. Selatnidt, Proc. Soe. Exptl. Biol. Med.^ S7» 40 (1937). 

M. Goettsch and A. M. Pmppenheimer. J. NutritioHt 2Z, 433 (1041). 

A. BiBBierieafkd C. Bagd, Ree. tro9. chim., 58, 895 (1939); W. P. J. CutHbertsoQ, R. R. Ridfew 
and J. C. Drummond, Biockem. 34, 34 (1940). 

»» C. S. McArthur and B. M. WaUon, Can. Chem. Proc. /ad., 33, 350 (1939). 
i« A. Jttham-Sehlffer, Arek. Path. Anat. (Virehow*sh 281, 53 (1931). 

H. M. Evans and O. O. Burr. Mem. Uniw. Calif.. No. 8 (1927). 
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T. Moore, A. J. P. Martin and K. R. Rajagopal, Soc. Chem. /ad. Pood Group. 1939, 41. 



ANHIAl. ravatOLOOY 


41 ^ 


The fact that they are phenols and that they are jmtioxidants led to the 
suppontion tl^it vitamins E may take part in some ondation*rediiction 
Prom a chemical standpoint it would be oonceivaUe to 
assume that the vitamin acts in the following manner; 




No support for this theory can, however, be offered. The quinone (III) 
which can be obtained by oxidation of the vitamin is completely inactive 
biologically. **'»**^' *** Thus a reduction to the quinol (II)- in the cdls 
seems quite improbable. 

The many symptoms which can be observed during a defidency of vito- 
min E points to the assumption that vitamin E is of importance to the tis- 
sues as a whole. Unconfinned experimental findings to the effect that the 
organism of vitamin E-depleted animals contains unsaponifiable material 
^ch upoa injection into rats causes the symptoms of a vitamin E de- 
fidency, have tentativdy been interpreted as indicating a disturbance of 

some metabolic processes, perhaps of the fat metabolism. **• 

A possible relation of vitamin E to the amino-add metal»hsm is ^ in 
the fact that during avitaminosis the creatine content of striated muscles is 


» P. K*mr aad A. Gciccr, BOt. CMm. AOt, SS. 4» <»«). 
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greatly reduced**' in rabbits'** and in rats'** and that the urinary -excretion 
of creatine is condderably increased'**' '** while the excretion of creatinine 
remains unchanged. A marked reduction of the creatine content in the 
urine is observed following the iulministration of vitamin E. No sudi 
dumges have, however, been found in the urine of man suffering from 
pr(>gressive muscular dystrophy, amyotonia congenita and dmilar neuro- 
muscular disturbances.*** 

The primary physiological action of intamin E is apparently to direct 
certain activitira of the cdl nucleus.'*** '** This conception of tte mecha- 
nism of the vitamin E action, although much disputed, has proved to 
be of extreme value in an attempt to correlate the various expmmental 
facts and observations of the many different symptoms of vitamin E de- 
fiden^. \ 

The role which vitaptin E plays in the metabolic activities of ^e cell 
nudeus cannot as yet be defined exactly. It seems that the vitamin func- 
tion is more intimatdy concerned with the processes of cdl maturation and 
differentiation than with mitosis. Thus the rate of growth of the Walker 
256 mammary cardnoma is not essentially affected by continuous mainte- 
nance in vitamin E-defident rats.'** On the other hand, an increase in 
growth has been demonstrated in in vitro experiments with liver, spleen, 
heart and periosteal tissue cultures upon addition of vitamin E.'** Re- 
tarded growth has as in the case of defidendes of the other vitamins also 
been observed during vitamin E defidency.'*' The condderable decrease 
in the wdght of the testis even when calculated in relation to the reduced 
body wdght is, however, specific for this vitamin.'*' In accordance with 
the conception that vitamin E is of special influence to all those tissues in 
whidi cellular proliferation and differentiation proceed at a high speed, it 
has been found that the ajqilication of this vitamin is espedally useful, for 
example, to effect growth of prematurely bom babies or to heal skin 
wounds in rats.'*** '** Ben^dal effects in the latter case have been ob- 
served upon oral or local application. 

*» M. OeettKli and B. F. Bnnni, J. BM. Cktm., 9T, M9 (1M2>. 

<M C a Itoefaiiria and B. V. MeCaUraa, J. WaMMm, », 84S (1940). 

m F. Vandr, StkwtiM. mU. Woduekr., 99. 738 (1989). _ 

•M S. Uannlit aad H. C. Spaaear, /. traMthm, 11, 878 (1988). 

» W. FlaitelUBaaa, Pnt. Soc. BxpIL BM. itU., 49. 94 (1941). 

MA. JvSammBOMmt. Artk. fMt. Anat. i.VIreIMf't), 881, 88 (1931). 

>« S. B. XaaoB, Am. J. AnaL, 82, 188 (1988). 

>■ K. B. Maaoa, Ax. C**ak /ad. Food Graap. 1989, 81. 

M A. lidiaaadlriitBar. ArA. 9atk. Anat. IVirdam'i), 881, 88 (1981). 

M H. BiaariMtg, /. BM. Cham., 198, 837 (IMS). 

>*> A. X. Cappfav aad V. Xoraaa«ha*tkr, Sat. Cham. /ad. Feed Grenp, 1919, 44. 

H> O. lAraath aad L. Bkaak, OreeH Btmep, 88 , TM (1988): Chant. AhtraeU, 80, 7884 (1988). 

MF.IL Adaauloaa, J. tderphal., 88, 47 aMl). 



ANXHAL FBYBIOIjOOY 


4S9 


The hktopatlK^gical dianges which have been observed to occur in the 
testes of .vkanin E-depkted rats are latgdy re^nsible for the conceptkm 
ci the function of vitamin B. The diromatin of the spermatozoa under- 
goes a tyincal change, a lysis, and the nuclei become crescentric. Upon 
further ttevelopment of the deficiency disease, the mature and immature 
cells, the permatogonia, spermatocytes and spermatozoa, fuse into giant 
cells mth many nudei. Besides chromatolysis there appears to be an 
interference in the formation of chromatin. 

Similar effects are observed in the fetus. The earliest agns of a vitamin 
E deficiency in the embryo is observed in the hematopoietic tissue, the 
growth of which is disturbed. The mesodermal tissues where rapid m»TIh 1^ 
activity prevails. are amilarly. affected. The symptoms of vitamin B 
defidency, to be discussed in the next section, namdy, nervous lesbns and 
degenerative lesions in the musdes, seem to be rdatecl to the cerebral cortex 
(observations on rats), a tissue of high cellular activity. 

All experimoital evidences lead to the condusion that, secondary to the 
lesions in the gonads and in the neuro-muscular ^tem and probably as the 
result of these rather than as their cause, abnormalities occur in the pitui- 
tary and thyroid glands. In young vitamin B-depleted rats a change in 
the for has been observed which is considered characteristic for hypophys- 
ectomized animals. In the anterior lobe, the addophil and basophil 

cdls degenerate and show no distinct granulation.'** The histological ap- 
pearance of the anterior lobe is quite similar to the degoieration c>bserved 
in the case of castrated animals. Actually many of the sjrmptoms observed 
as the result of a vitamin E defidency resemble very dosely the syndromes 
of a hypophysINrtomy.'**' '** The changes observed in the testes are, how- 
ever, disnmilar.'** Vitamin B defidency causes a degeneration of the 
germinative tissue, ubereas upon dysfunction of the pituitaty the inter- 
stitial tissue is degenerated. In male rats deprived of vitamin B, the 
intuitaries were found to contain a greater gonadotrojnc action than found 
in the glands of tats fed with vitamin E.'**’ In female rats deprived of 
vitamin B the pituitary contains a decreased amount of lutdnizing hor- 
mone.'** Nevertheless, the important symptoms of vitamin B defidency, 
namdy, muscular dystrophy, gestation resorption and testicular degenera- 
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tion, camrat be prevented or cured by administration of the hormones of 
the anterior lobe, llie qmdromes are, furthermore, not influenced by the 
injection of the sex hormones. On the other hand, vitamin E, when ad- 
ministered to immature or hypophysectomized adult rats, does not exert 
any effect on the ovaries, uterus or vagina. In frogs an interesting rela- 
tion of vitamin E to the secretion of the hormonesof the anterior lobe of the 
I»tuitaiy has been observed, llie glycogenotropic hormone could be de- 
tected in the livers only after an intake of vitamin E.*** 

In the thyroids of vitamin E-depleted animals hypoplaria occmrs. The 
vesides are enlarged and filled with colloid.**^ *** In the kidn^ a de- 
generation of the epithelium of the convoluted tubules is observed. 

In the young of vitamin E-defident rats cretinism is observed. *** \ 

(c) Rdaiion of Vitamins E to Other Vitamins', Hormones, Etc.' 

Vitamin E has a remarkable influence upon the storage of vitamin A. 
In rats kept for prolonged periods on a diet defident in vi tami n £, the 
vitamin A reserves were consistently found lower than those of control 
animals recdving supplements of vitamin E.*** Another relation of vita- 
min E to vitamin A is seen in the fact that the pathological changes caused 
by a vitamin E d^dency are retarded when a vitamin A defidency exists 
simultaneously.*** 

The various relations of a vitamin E defidency to the anterior lobe of the 
pituitary gland have already been discussed in llie previous section. 

15. Avitafflinosis and Hypovitaminoais 

Vitamin E defidency has been studied in greatest detail on rats. Both 
male and female rats suffer from a decreased vitamin E intake. In male 
rats the qrmptoms appear earlier than in the female rat. Within a few 
wedcs or months a considerable decrease in the wdght of the testes com- 
pared with those of animals on a sufiident diet can be observed. Ty^cal 
testiotlar changes set in. In cases of slight hypovitaminc^ the sper- 
matozoa become non-motUe. The nudeus of the sperms begins to deform. 
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On furtiier vitamin E depletion, tiie spermatozoa degenerate and lose t he 
power of Iei4iliza^n. The nudeus becomes crescentric. Lator, iqxm 
coputatfOQ, bouchon vaginale does not contain any sperm at all< At 
this sti^^ the semiital vesides develop a taown discoloration. Upon tar- 
ther devek>i»nent the ability to form a bondion is lost and finally even the 
sec instinct disappears. The aid effect is a functional sterility through 
degeneration of the germinal ^thelium. Once these patho-physkdogical 
changes begin to become liistologically noticeable, they cannot be tepaiied, 
arrested or retarded by the administration of vitamin '**• *** 

^milar pathological changes in the efuthelium of the seminiferous tubides 
have been observed in mice, bulls*** and in fowls. ***• *•* 

The changes in the female organism are somewhat different. The female 
rat at times of an B-h]rpovitaminosis shows a normal oestrus cycle and 
normal ovulation. Conception is not disturbed and gestation sets in pa 
normal. In cases of only dight hypovitaminoas births occur normally but 
considerable prolongation of the length of gestation occurs and the Utters 
are not reared.**’ In more severdy depleted animals, the young are beam 
dead. In the case of typical E-avitaminosis gestation sets in as normal but 
the development of the fetuses is hampered in about the middle of the 
gestation period. Placental tissue, fetal tissue and the implantation rite 
begin to degenerate. The fetuses (Ue and are resorbed. Hus state is 
called resorption steriUty. Upon completion of the resorption of the 
fetuses and of the placenta, normal oestrus cycle sets in and tiie animal is 
again able to conceive. Administmtion of vitamin E at this stage repairs 
the power to cast normal litters. Further depletion again causes rmorption 
of the fetuses. These resorptions bring about certain changes in the utdus, 
especially brown ingmentation,*** caused by the deporition of a jngment in 
the musde layers.*** Eventually, further uterine degenerations become 
apparent, especially fibrosis of the uterine muscle and sometimes fibromyo- 
mata of the uterus,*** and whoi avitammoas is advanced enough, absedute 
SteriUty results. 

One of the early signs of vitamin £ deficiency, observed on yout% as wdl 
as on dd animals of both sexes, is a dystiophy of the cross-striated muscula- 
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tutt wbicli has been lotuid in mts,^"' ***• *'*• *" rabbits,^*** ***• 

tbgs.*** guinea ***• *** and chicks.^ Befwe the overt lymptons 

of such a dystrophy appear, the following syndroma can be detei^ed:*** 
increase in the concentration of water and of chlorides in. the mosdes, de* 
crease in the maximum streiq^ and focal hyaline necrosis of musde fibos. 
lliese lesions are accompmued by degenerative changes in the coitral ner* 
vous s}rstem,‘** histologically evident by degoieration of nerve cdls in the 
sinnal cord.*" In cases of severe avitaminosis, paralysis first of the hind 
and then also of the fore limbs is found in young*** and in old r4ts. Carpo- 
pedal spasms and convulmns have been observed in the final stages when 
the mortality is 100%.*** \ 

Another pathologioJ change observed in rats deprived of vitamin B is a 
considerable enlargement of the thymus both in male and in aemale ani- 
mals.*** The changes which occur in the pituitary, the thyroi« and the 
kidney have already been discussed. In the young vitamin B-defident rat 
also an tmcaldfied skuU has been observed. 

In beef cattle and in milk cows, sterility and early abortion have success- 
fully been treated with vitamin B and the existing evidence leads to the 
condusions that some of these animals suffered from a true E-avitamino- 
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^ 1 * 1 . iM xiiet^ is abo condderable evidence”* that admioiMrattoa erf 
viUmki B |) (rf ydue ^to the treatment of the infectotu abortion in cawt, 
caused bf ^ BadUm aiorku (Bang), probably due to the fact that vita* 
min B increaaea the resistance of the animitlH against infection.*** 

In sows barrenness has also successfully been overcome by vitanun E 
therapy. *** 

The pathological dianges observed on rats are essentially similar to the 
changes observed in birds. Eggs of bens reared on a vitamin Enlefident 
diet cannot be hatched successfully. In the embryos a lethal ring develops 
in the blastoderm from cell proliferation in the mesoderm. The organism 
dies from starvation and hemorrhages after the blood vessels of the blasto- 
derm are dioked off.*** Hatchability is greatly improved upon adding 
vitamin B to the chicken feed.***’ ***• *** In the male fowl, degeneration 
of the testis has been observed.**** *** In chicks a vitamin E defidency 
causes alimentary exudative diathesis foUowed by increased capiUary 
permeahUity and muscular dystrophy.*** Nutritional «icephalomalada 
of the chick is caused by vitamin E defidency.*** 

The question as to whether or not an E-avitaminosis occurs in man 
has not defin^y been dedded. Considerable evidence exists for the fact 
that vitamin.E may ocert a beneficial influence in certain cases of habit- 
ual abortion**** *** and possibly also of threatened abortion and premature 
separation of the placenta. Certain forms of toxemia in pregnancy*** have 
aim been reported to respond favoraUy to a treatment with vitamin E. It 
has furthermore been stated that administration of vitamin E is benefidal 
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tn cases of muscular dystixjphy,*^ amyotrophic lateral sclerosis, 

myelopathy from pernicious anemia, neuromuscular ^dromes, roaring 
sensations in the ears, anorexia*^* and primary librositis**^. The informa'- 
tion gained h*om these repcnrts must, however, be regarded as provisional and 
all dinical use of vitamin £ is still considered purely expoimental. 

(o) Clinical Test Methods 

Detarminatioii of Vitamin S in Urine. Urinary Creatine petermina- 
tion :*^^ — ^Vitamin £-hypovitaminosis can be detected by. urine analysis 
since the creatine output increases rapidly. In rabbits, for e^mmple, the 
daily creatine excretion rises from a norms! level of less than 10 mg. to over 
20 mg. By the time S 3 rmptoms of muscular dystrophy occur, 50 m 1 50 mg. 
of creatine are excreted.*” This method is only of restricted vUue since 
many other factors may influence the creatine output. 

Determination of Vitamin E in Blood. The Ferric Chloride- IHpyridyl 
Method: For a successful determination of vitamins E in blood it is neces- 
sary to extract the active material. This can, for example, be accomplished 
by treating the serum with dilute alkali in the cold and in the presence of 
formaldehyde and ethyl alcohol. The vitamin is then extracted with ether 
and the ether solution is washed neutral with alkali and acid solutions. By 
selective adsorption, for example, on iloridin,*^* the carotenoids are re- 
moved. The determination of the vitamin £ in the remaining solution is 
then carried out according to the ferric chloride-dipyridyl method. As 
little as 5 cc. of blood can be used for this method. This method fails to be 
accurate for amounts of vitamin E less than 5 7 . 

Id. Hyperfitaminoais 

VitasmtiB E are non-toxic substances. B-hypervitaminosis is unknown. 
Synthetic df-a-tooopherol causes no toxic symptoms in rats even when 
given cmally in doses as high as 50 g. per kUogram of body weight. The 
admmistration of several grains of vitamin E daily over a period of one to 
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two nwnths does not result in any adverse symptoms in rats, dogs and cats. 
The functio|is of the kidneys, the intestines, the nervous systm, tlK mus- 
and the sex organs are not affected by such doms.”* 

17. Requirements 

It has been proved experimentally that vitamin E is necessary for mice, 
rats, rabbits, guinea pigs, dogs, chicks and ducks. The Crustacea Dafdmia 
also needs vitamin E.*** Goats can apparently get along without an ex- 
ternal supply of this vitamin.*** The requirements for man are largely un- 
known as stressed before. 

The ^dtamin E requirement of the rat is different for the male and the 
female animal. It seems that the male animal needs only about one- 
seventh to one-tenth of the amount required by the female. A similar 
but perhaps more marked difference is observed in mice. 

The average daily need of a female rat is from 2-3 mg. of a-tocopherol. 
The minimum fertility requirements of female rats are 1.5 mg. per kilogram 
body weight daily. For rabbits, the daily antimuscular d 3 rstrophy dose is 
about 1 mg. of a-tocopherol per kilogram body weight*** In clinical 
therapy, a dose of 6 mg. of a-tocopherol per day has been recommended 
for women.*** 

•u V. Denote, Z. Vmrnhfonck., S, 888 (193S). 

>» A. VidioeTer mS I. Coliea, Am. J. Pkarm.. 110, 207 (1038). 

«• O. K. L. Uwterbjerc, iom State CoUtw, J. Sei., IS. 107 (1940). 

•n C. G. Mackewde a^d B. V. MeCoOum, J. JlutriOim. 10, 345 (1940). 

» D. W. Conte, Sat. Chtm. Iwt. Zood Greup, 19M, 77. 







VITAMIN H— BIOTIN 
1. Nomenclature 


Namet: 

Bios 11 (Lucas, 1«24). 

Factor X (Boas, 19Z7>). 

Vitamin H (Gyfi^, 1931*). 

Coensyme R (Allison, Hoover and Burk, 1933*). 

Bios II b (Miller, 1934). 

Anti-egg-wliite-injury factor (Lease and Parsons, 1934*). 

Biotin (Kdgt, 1935*). 

Factm W (Hvehjem, 1936*). 

Vitamin B« (Lunde and Kringstad, 1940’). 

S or ^-Factor (Marshall, 1939*' •). 

Empirical fomuila: 

C„HmO,N,S. 

Bffleaey: 

One gram of biotin-methyl ester >■ 27,000,000 Rat Units. 

' 25,000,000,000 Saccharomycetes Units. 

2. Chronology 

1901 WnJUBM recogmxed that yeast needs a special material, "bios," b addition to 
the known nutrients for optimal growth. This had already been postubted by 
LuBtob 1369. 

1916 BATrauN** made the casual observation that egg white exhibits a definite tox- 
icity. 

1923 FouatE discovered the multiple nature of “bios." 

1924 Lvcas separated tnos mto two components, bbs I and II. 

1927 Boas** found that certab foods conbb an organic substance which protscb 
against egg-white tmdcity. 

I M. A. B«m. Biotkm. J., 21, 712 (1927). 

' P. OrSisjr, 2. tna. PorMUiut, 21, 377, 417 (1931). 

* P. B. AIBim, S. K. Hoovw unI D. Burk, Stimu, 7B, 217 (1933). 

* J. O. l4M( sad H. T. Pwmu, Bioditm. J., 2S, 2109 (1934). 

* P- ES|^, Jhr., as, 16 (1936). 

* C. A. KudUm. C. J. BMn awl J. P. Otewa, J. BM. Ckm^ US, 707 (1930). 

' O. Luadtand U. Kriasttad, .7. WiUrMHi, 1^ 321 (1940). 

' W. Slanbidl, /. fasMI. DtmM„ 2, 206 (1939). 

* W. Jdanhall, H»t, Warii, ST, 101 41939). 

" W. O. Bateawa. J. BM. Chm., 26, 263 (1916). 

" M. A. Bom, MbcSim. J., 21, 712 (1937). 
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1928 Ba8tcx>tt^* isolated bios I in the pure form and identified it with i-inositol* 

1931 GvdRGY* recognised the necessity of an anti-egg-white>injury factor (vitamin H) < 
for man. 

1988 MnxBR showed that bios II contained at least two different factors. 

1935 KOol^* isolated '*biotin/' one of the compounds ot bios II, in the pure form. 

1940 OyOroy, Mblvuulb, Burk and du Vioneaud^^ identified vitamin H with biotin. 
1942 DU ViGNBAUD, Hofmakh and Mblvillb suggested structural formulas for 
biotin on the basis of degradation reactions. 

3. Occurrence 

Vitamin H occurs in small amounts in all higher animals (: imals and 

birds). The only tissue found so far which is apparently d id of this 
vitamin is the lens of the eye.“ The highest concentrations 'e been ob- 
served in liver,“* “ kidney*® and eggs*® while milk*® contains lis vitamin 
in somewhat smaller concentrations. 

Vitamin H is found widely distributed in the plant kingdom. Vq;e- 
tableSi grains, nuts, etc., contain considerable quantities.*® Most strains 
of yeast contain some vitamin H.*® In plants, the tips of the roots and of 
the coleoptiles usually have a somewhat higher concentration than the 
rest of the plant. *^ Relatively high concentrations have been observed in 
seeds and in pollen.*^ 

Vitamin H occurs predominantly in the free state in fruits and in grasses. 
In grains, nuts and vegetables this vitamin is present partly in a bound form 
and partly free.*® In yeast and in animal tissues, for example, in liver, 
vitamin H occurs mainly as a chemically bound compound. 

4, laolation 

As jpointed out previously, vitamin H occurs in many sources chemically 
bound and cannot be dissolved by any solvent. In order to liboute the 
vitamin, for example, from yeast,*® the material is autolyzed from four to 
six days. Liver, on the other hand, does not possess the necessary enz3rme 
system for the autolytic liberation of this vitamin.®® Vitamin H can, how 

l£. V. Bastcott, /. Pkys. Chem., 3Z, 1094 (1928). 

M F. Kdgl. Bfr., 68. 16 (1935). 

P. Gyfirgy, D. B. Melville, D. Burk and V. du Vigueaud, 243 (19410. 

V. du Vigueaud, K. Hofmann and 0. B. MelviHe, /. Am. Ckem. Sm., 64, 188 (1948). 

u F. Kdgl and W. van Haswlt, Z. physiol. Chsm., 245, 189 (1986). 

w G. Lunde and H. Kringitad, J. JYaiHitea, 19. 381 (1940). 

» F. Kdgl and A. J. Haagen-Smitii, Z. physiol. Chem., 245, 809 (1936). 

A j, O. Umpen, A. A. Kline and W. H. Peterson, Pros. Am. Soe. Bid. Chsm., 1941. LXXtV. J. O. 
tamfiea, G. P. Bahler and W. H. Pelenmn, J. NuiritioH, 25. II (1942). 

M P. Gydrgy, J, BmI. CAnN., 151. 733 (1989). 

, • P. Gydcgy, R. Kuhn and B. T^dentr, Ibid., 181» 745 (1989). 
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ev», be liberated by i»oteolytic digestion of Kver**- »».»*.»» or by l^drotysb 
with acids»*f f<» «ample, with 2N mineral adds with or without pressure.* 
In contrast to ftedi liveri the vitamin can be libtfated from liver powdor 
by Iqrdrolyas at high pressure without addition of adds. After the hy* 
drdty^ has been achieved according to any of these procedures, the solu- 
tion is filtered and impurities may be removed from the filtrate by pre- 
dpitation with alcohols or lead-acetate. The vitamin can be dissolved in 
acetone &om a concentrated filtrate. wherd>y considerable amounts of im- 
purities separate. Further concentration has been achieved by predpita- 
tion with phoi^hotungstic add which predpitates only the impure com- 
pound but not the pure -dtamin.*^ “ Mercuric chloride,** gold 
and HtPtCU also predpitate the vitamin from impure solutions. The 
vitamin is, however, not predpitated by flavianic add, rufianic add, 
Rdnecke salts, picric add, picrolonic add, barium salts,** quinine or alka- 
loids.*^ Alcohol-insoluble salts are obtained from barium or caldum 
hydroude. 

Vitamin H is adsorbed on charcoal (Norit and Carboraffin), but not on 
fuller's earth, aluminum oxide, add day or benzoic add. Vitamin H can 
be eluted with a mixture of pyridine, methanol and water. The methyl- 
ester, on the other hand, can be purified by adsorption on aluminum 
oxide.”* 

Further purification of the vitamin can be accomplished by electro- 
dialysis** and by high vacuum distillation.** 

By a combination of these procedures 1.1 mg. crystallized biotin have been 
obtained from 250 kg. of dri^ Chinese egg yolk.** 

5. Properties 

The free vitamin H is water- and alcohol-soluble but is relatively in- 
soluble in dilondorm, ether and petroleum ether. The vitamin is essen- 
tially heat-stable, readily dialyzable and resistant to treatment with add 
or alkali. It is earily adsorbed on charcoal. The isodectric point appears 
to be between pH 3 and 3.5. The pure vitamin melts at 230-232^ C. and 
the methyl-ester at 166-167® C. Biotin is c^tkally active, " +92® 

" J. O. Imm, Z. VlteaiMOTMk., $, 110 (1986). 

“ J. O. Ti—te Mid H. T. VWMaa. Proc. Am. So«. BM. Cktm., J. BM. Cktm., UIS>1. (1984). 

** p. Oyoicr, /ua. 119 , xuii (nsn- 

*• I a. Lmm. Z. WtawiWbrM*.. 9 . 110 (1986). 

* P. QjrOisr, a. mita wnl S. IXImr, /. BioL Chtm., 181, 748 (1989). 

* G. DntiMt'Md I.. Huhart, iirck. luitni. ^hysM., 46, 141 (108S). 

” T. v: BMS aw* p. eyeitr, /. BM. Oum.. Ml. 701 (1989). 

" V. dtt Vlkwwad, K. B. MrivlOe aad P. OfOrty. J. BM. Chna.. 14^ 648 (1941). 

" P. OrOiiv. n. B. Malvill*, o. Bnrk Wi4 V. dtt VicBMod. 91. 948 (1940). 

* P. XOgI Md n ritarfi, X; dilgifM: CkM.. 948. 48 (1986). 
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in 0.1 N NaOH. It shows no characteristic ahsmption in the nltraviolet 
region." 


6. Chemistry 

The empirical formula of biotin is CioHuOiNiS. By means 'of dec* 
trodidysis it was shown that vitamin H is an ampholyte with acidic 
properties.** The presence of a carboxyl-group is indicated by the forma- 
tion of esters such as the methyl-ester. Biotin contains a basics aup since 
at pH — 1 the vitanun cannot be extracted with oi:;ganic solvents." The 
nitrogens are present in urea configuration. By treatment of )>iotin with 
barium hydroxide at 140° C. a diamino-carboxylic add is obtained with 
the loss of one carbon atom and one mcygen atom. By t^t ent of the 
diamino-carbcncylic add with phosgene ^e urea group and the lay biotin, 
is reS 3 mtherized. The sulfur is present as a thio-ether, since a stdfone re- 
sults from peroxide oxidation. Since biotin does not contain any douMe 
bonds, it must contain a bicydic ring system."* Upon oxidation tlK 
diamino-carboxylic add with nitric add or alkaline permanganate, adipic 
add is isolated."** One of the carboxyl groups of ^e adipic add is the 
carboxyl group originally present in biotin, since upon Curtius de^dation 
of the biotin methyl ester followed by oxidation of the obtainra amine 
no adipic add could be isolated."* On the basis of these and additional 
evidences, biotin has been assigned the structure of 2-keto-3, 4-imida- 
zoiido-2-tetrahydro-thiophene-M-valeric acid (I) . This conclusion has been 
confirmed by a total synthesis of biotin***. 


NfH 


in — 
\ 8 / 


» v, du VigDriiud, K. HoTawiia, D. R. MdvUle and J. R. Machale, /. BM, Clum., 140^ 7«S 
<mi). _ 

» T. W. Bfich and P. Oytrgy. J. JBnt. Ckim.. Ut. 7«1 <1939). 
m H. Eiteittad and O. Lmde, XMd., Ml. 110 (1939). 

>» P. Kdcl and L. PWn, Z. pkysM. Chtm., 209, 91 (1941). F. Kttyl and T. J. da Maa. IM., 249, 
U (1941). K. BuZnum. t>. B. MatviUa aad V. da Vigoaaud, /. BkH. Ckm., 141, 307 (U41). D. B. 
Malvina, K. Batoana tad V. du Vitataud, Seitntt, 99, 808 (1941). 

>* K. Betaana, D. B. BldviUe aad V. da VimaiMl, /. dai. Ckm. Sot., ft, tm (1041). 

V. do Vhaeaad, K. Bofomaa aad D. B. Malvina, J, Am. Ckm. Sot» 94. 188 (1943). 

M Mato torrmm iwpara by V. da Vigaaaud. SeUntr. 90. 4M <1943) aad K. Hobam. Afmmm 
B a M Pa t o i o t y, Vol. Ill, IattncieBca.>Ntw Vork. 1943. p. 389. 

B. A. Harrit, O. B. Wolf. R. Maaiata and K. PoMun. .Sciaadt. 93. 447 (|943). 



499 


irnmutmAiMK 

7. ladwtrial Methods ol Pn^antim 

Pure vitamn H is marketed in small quantities prepared by tedious 
isolation proce^res. Concentrates are also manufactured from liver, 
yeast and certain bacteria. The preparation of the concentrates from liver 
is coordinated with the manufacture of the factor which prevents the de- 
velopment of pernicious anemia, since the residues from this manufacture 
contain relatively high concentrations of vitamin H.**- **• “ 


8. Spedfieity 

Very little is known about the specificity of vitamin H. The methyl- 
ester is fully active. Benzoylation and acetylation do not effect the 
activity, probably because of the ability of the organism to hydrolyse these 
derivatives. Vitamin H in its naturally occurring chemically bound fdrm 
is also eawntially active. Inactive, however, is the biotin s)rmplex with 
avidin (see page 476). 


9. Determination 

(a) Biologicai Methods 

There are only biological methods available for the determination of 
biotin. The most valuable and accurate methods are those in which micro- 
organisms are used and in which the biotin concentration is measured by 
the growth et yeast or of bacteria, or by the amount of acid produced by 
specific oiganisiiks. The historically important bio-assay with rats is based 
upon a secondary defidency disease brought about by egg-white injtvy and 
is quite time consuming. The chick can also be used for quantitative 
assays in a {wocedure which uses a primary biotin deficiency and which is 
more expedient than rat assays, but less so than the micro-biological 
methods. 

Rat Testa. Male albino rats are fed rations which m-e well balanced 
except for a large proportion of egg white as the sole source of protein.*** ** 
The average time necessary for the appearance of the first skin symptoms 
is five to seven weeks. A rat growth method has also been used.** 

*• J. O. Lwm and H. T. Vanom, Btodum. J.. M, 210D (I9S«). 

» P. OyOrg)^ J. mu. C*mi.. Ml. 783 (USO). 

**1. C. Laaaa, a. VimtUitfontk., S, 110 (IftSO). 

* M. A. Beat, BiMhtm. 81 , 718 (1087). 

" P. J. atu. Ckm., Ml, 738 ( 1 »S»). 

■O. l^mdeuMl H. Ktiwtatad. J. KtartHmt, 381 
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Qikk Test The diiek has been niggwted as test animal for the 
determination of vitamin H since diicks can be depleted readily from this 
vitamin on a diet low in this constituent." 

Coenqrme R Assay." In this test, the increase in respiration of rhizo- 
bium is measured upon addition of vitamin H to the culture medium. 
This method is far more sensitive than the rat assay method for 
vitamin H. 

Yeast Growth Method. The growth of special yeast strains such as 
Saaharomycetes cereeisiae is observed, for example, by measuring the 
resulting turbidity in a photoelectric colorimeter*^ or nephelome 
Staphylococcus Growth Test.** The response of the addition of vita- 
min H preparations to a culture medium of Staphylococcus aun has 
been suggested as a quantitative method for the assay of vitamin 
Colostridum ButyUcum Growth Test** The organism Colos> um 

butylicum has been suggested for vitamin H assays. The gro' is 
measured by turbidity studies. In this test only the free vitami is 
measured and not the bound vitamin. 

Acidimetric Lactobacillus Test.** The amount of lactic acid produced 
by Lactobacillus arabinosus cultivated in a medium containing all the 
other necessary growth factors can be used as a measure of the 
vitamin H content. 


10. Standards 

One “Rat Unit” is the daily dose of a given preparation or foodstuff 
which in four weeks brings about complete cure of the egg-white injury in 
rats (on a special diet).** This corresponds to an activity of 27 million Rat 
Units of vitamin H per gram of the methyl-ester of biotin.** 

One "Saocharomycetes Unit’’** (S. U.) is the amount of biotin which 
produces an increase of 100% in cell growth of a special straun of yeast 
under defined conditions. One gram of Inotin contains 25,000,000,000 
Saccharomyeetes Units. 

* D. M. Hcgcted, J. J. Otaioa, R. R. Mttli, C A. BIvchjMa ud B. B. Hart, J. NutrUhn, M. 8M 
(1S40). .S. AsHwchcr and M. Uady. Pret. Soc. Bxptt. BiaL Utd., 4$, 8 (1941). 

• F. B. AWmb, a R. Boovaraod O. Burk. Stittut, ft, 817 (1938). F. B. Alltnn and F. W. Mteor, 
SoU Sei., 44, 478 (1988). 

u B; B.aad, R. B. BaUa aad R. J. WOUtalt, J. Am. Oum. SeezrOS, 175 (1940). 

F. K5(l aad B. TOaoia, Z. tky$M. Ckem., 248, 48 (1988). 

»;|.;R. 'Fiart»r aad M. J. Ftleaar, SMnict, 91, 578 (1940). 

lipeiRpeB, A. A. dint and W. K. Ftitntm, Proe. 4m. Soi. Biol. Ckem., IMl, LXXIV. 

« K. fi. {teetl and L. D. Wriflit. 1941, CXIX. 

^ K OFdrgy. J. Biol. Chem., 131, 783 (1988). 

■ GyOrgy. C. S. Rote, K. Hofmm, D. B. MclviUc osd V. du Vignmnid, Seifuee, 98, 0(19 (194U). 

«« F. X6fft Mid B. Ttadta X. AkysM. Ckem., Ukt 48 (1980). 
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11. PlqpMii^ of Plaalo aiMl Itiowoiiiiiiaias 

Vitomia H is n e ce ssa r y Ux the growth of oertain bacteria, lor exanqplei 
various staoins of dostridium,^ * rhtsofrwm,*'* " sta^tylocecctu,"> **> •• 
etc., and cetiain yetet strains.** Other bacterial species have been shown 
to syntherize Uotin in varying amounts.** Vitamin H is also a true growth 
hmukme for higher plants. This fact is indicated by the octmrrrace cS 
increased amounts in plant seeds and in the tips of roots and o(decq>tiles. 
and has been proved experimentally with isolated pea roots.** The roots 
of h^her idants excrete biotin into the sdl.** 

Hie role whidi biotin plays in plants and in microorganisms may be that 
at a true growth stimulant but an influence upon other factors is by no 
means excluded. Thus, it has been observed that in yeast biotin increases 
fermentation mme directfy than respiration, and resi»ration again more 
directly than growth.** It has also been riurwn for rhitobium that the 
respiration can be markedly increased without concomitant growth by 
the addition of biotin to the culture medium.** 

12. Animal niysiology 

(a) Metabolism of Vitamin H 

Vitamin H is earily absorbed from the intestinal tract. The naturally 
occurring bound form seems to be equally well utilized, perhaps due to 
hydrolysis in the intestine. Some destruction appears to occur during the 
adsorption of biotin since the requirem^t by subcutaneous administration 
is only about one-fifth of that required W (»al administration. 

The animal and human organism is apparently able to store a oertain 
amountof vitamin H especially in the liver and the kidneys. On the other 
hand, newborn infants have practically no such reserves. Smilarly the 
secretion into milk, although not negligible, is markedly low. Excretion 
in the feces has been observed, but occurs pedominantly through the urine. 

• W. H. PatwiM, L. B. MeDaaM aad B. McCojr. /• BM. lU. LXXV (ISiQ). 

» B. B. Sadi vad R. J. WIHiuiM, J. Am. Cktm. See., «1,SSM'(1939). 

H P. M. Wot aod P. W. WiboB, $. ISS (ISM). 

UR. MilMim, O. BJtMvc and D. BiintiOm, Ann. Lanim. HoekseknU SeAmtOent, 7, Mi (IMS): 
Namntintntdkafitn, M. Ml (ISM); 37, 8M (ISSS). 

M R. Portw aad M. J. Paksur. Stienet, St. 676 (ISM). 

H P. BScI aad W. J. uta Wa«taadaak, Ret. Iran. Mm.. 67, 747 (ISSQ. 

•• O. A. HolUa. J. O. Laavea aad A. M. PanwalMinw, J. BM. Ctoa., M7. 466 (1S41). 

N B. B. SatB, R. B. Bakia aad R. J. WiHfauaa, J. Am. CAtm. See„ St, 176 (1946). 

» M. Laadr aad D. M. Okfcaa, fret. Sw.' BntU. BM. AM., St, 446 (1941). 

•• F. XS^ aad A. J. Haasaa4tadth, Z. 6k|«M. CA«m.. 646.666 (19W. 

<• p. M. WMt. ifmn. UA, ism (ISSS). 

• D. Bark, R. J. Wbulw aad V. da Vigaaaad. free.. Am. Set. BM. CAtm., IStt, XXI. 

•> P. B. AStaak 8. R. Hoamaad S. Bartt. Sdnw. 7n 617 (IMS). 
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During ritamin .H defictency tlu ttasues, for eriuaaple, of diidES, are furac- 
ticalfy devi^ of this vitamin.** 

(b) Physiolo^cal AcHoh Vitemm H 

Tbe 0qrri(dogical action of vitamin H is not deaify undostood. A 
close rdationshq) between this vitamin and fiat metabolic has hem postu- 
lated. A certain increase in the fat. and diolesterolqmthesis in the Uver 
of rats i^n feeding vitamin H has been observed. This abnormal activity 
can be prevented by the addition of lipocak (an internal Becreti<|ln of the 
pancreas) to the diet.** 

Biotin is made unavailable to the living organism (experiments viith rats, 
chicks and yeast) by the fonnati<Mi of a conq)]ex with a prot^ con- 
stituent at raw egg vriiite, and the typical syndromes ot a biotin dradency 
occur iriien, instead of the free biotin, the protein-synq>lex is admins 
(This is the historically important egg-wUte toxidly.) The combination 
of biotin vrith the protein is stoidiiometric and biotin cannot be recovered 
by dialyris. The protein which has the peculiar capadty of binding 
biotin is called "avidin” and has been obtained in crystalline form.** 


13. Avitaminosis 

Rats develop peculiar and un|»essive sldn dianges on a diet defident in 
vi tamin H. Thi^ are accompanied by progressive emaciation and fitudly 
led to death. The skin lesions are differentiated from die pdlagra or 
acrodynia sjmdnnne »nce thi^ are not predominantfy a peripheral derma- 
tosis.** The dermatitis can best be r^arded as a seborrli^ desquamative 
type. At the same time, biotin is involved to a certain extent in the 
maintenance of the normal i»gment metabolism of the fur in rats and 
mice.** In human infants** and in rats'* a deq> brown jugmentalion has 
been observed on the back. Male rats exhilnt a greater smritivity to vita- 
min Hdefidency than female rats.**>.** A high inddenoe of a qiecial type 
of jmeunumia which could be improved and even completely cured by the 


*• a. B. W««n. W. A. MdOdejr and R. J. WllUaau, VS. aS4 (IMO). 

•• B. W. iStmpuT and O. Oavia, Aac. Am. Sot. BM. Omm., IMl, LXXXVII. 

M SU B. Eafcin, B. B. SMS aad R. J. WiUiaan, J. BM. Otm., US. SOI (>040>: 140, US (1041). 
D. PaataiBCtaa. B. B. Sadi aad R. B. Bakta. J. Am. Chtm. Sot.. SS, 400 (104S). 

• R. OrOrnr. J. nw. Omm.. lU, TSS (lOSO). 

«• R. Oywnr aad C. B. FeHaf. Rrac. Sat: BtpA. BM. U*4.. 4S. 778 (10(0). 

* Ma ICm, Bkamm InfanOm umd JDtrmMit 9erllfi, 1982, p, 2. 

«« H. t. X BM. CW* 90s 891 (1981). 

« M. A. iMs Biofkm. 81*718 (1987). 
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administration of vitamin has been noted.-” Certain ^turbuices ol 
Uie nervous sjrstem in rats on a vitamin H-defident diet have be^ dis- 
served." Furthermore, biotin defidem^ in tats causes a ty|>icail denuda- 
tion arouiid the This s 3 mdrome is known as the. '^i^sectacle eye” 
comlition"* and is prevented and cmed the administtation cd biotin.^"’ 
Vltanun H deficiency in chicks results in a specific dermatitis."^ The 
bottoms of the feet beoome rough and calloused and in more severe cases 
encrusted and hemorrhagic cradcs ^)pear. In fuMitio", mandibular 
ksimis occur in the comers of the mouth and around the b^, and the Ha- 
lids become swollen and stidc together. 

Esqserimental biotin deficiency in man on a diet in which about 30% 
of the total calories was supplied by desiccated egg white, resulted in tile 
occiurence of a number of dinical symptoms mmilar to those of spontaneous 
avitaminosis. A striking ashy pallor of tiie skin and mucous membranes 
appeared, followed by an increasing dryness of the skin with marked reticu- 
lation and a fine branny dmquamation. Eactreme lasatude and sonhio- 
lence, muscle pains, precordial distress and anorexia were observed. 
Parenteral administration of biotin cured these s3rmptonis rapidly.^*^ 

In man, vitamin H therapy has given curative results in a few isolated 
cases of acne vulgaris^* and rosacea and of fumnculosis. Certain cases 
baldness in men are caused by seborrhoic conditions and can be improved 
by vitamin H administration. More severe cases of seborrhea (overaction 
of the sebaceous glands) seem to be rdated to the skin disease called psoria- 
sis, which consists of an eruption of circumscribed rounded patches, oc- 
curring chiefly on the dbows and knees, scalp and back. Encouraging 
results have been ..attained in these cases by administration of vita- 
min H. « 


^ M. Gumlel. f*. Oydrgy mnA W. Paget, Z. Hyg. tfifeluionskirunkh.. Ill, 629 (1912). 

C. M. Findlay and R. O. Htern, Arch. Ois$a99 Childhood^ 4, 1 (1939). J. C. l<ea«c, H. T. Panomt 
and B. KeUy. BMtem. II, 488 (1987). 

vte J. Goldbcrger and R. D. Lillie. Pal. HtaUh Rtp.. V, S. P. H. S, 41, 1026 (1926). A. Bonrquiti 
and H. C. Shcrmatt, J, Am, Ckem. Soc., 58, 3601 (1981). K. B. R^neon and R. C. Newton, AMwts 
Dff. of Biol. Chtm., A, C, 5., Kantae aty. April 18-17, 1988. S. Lcpkovricy, T. H. jukee and M. K. 
Krattec, J. Biot. Ckem., 115, 557 (1938), B. SJoUema, Aria fireria Neerland. Physiol. Pkosmoeot. 
Microbiol., ll», 14$ (1987). Tijdsckr. Diergeneesk., 84, 988 (1987). P. Karrer. L. Lawt and F. 
Vers4r. Arch. ges. Pkytiol., 219^ 844 (1987). B. M. Maekay and R. H. Bamea, Proe. Soe. ExpU. Biol. 
Med., 48, 858 (1941). J. J. OieMko, H. R. Bird. C. A. Blvefajem and B. B. Hart. J. BM. Ckem., 127, 
28 (1989). J. J. CHtmm, C. A. Blvckjeni and B. B. Kart, Pri>c. Soe. Expll. Biot. Med., 41, 181 (1940). 
P. L. Paveek and H. M. Bann, Sekmee, 9k, 503 (1941). 

’!*> B. Nidaen and C. A. Blvebjem, Proe. Soe. ExpU. Biol. Med., 48, 849 (194i). 

D. M. Hegatcd. J. J. <Beaon, R. C. MBU, C. A. Blvdiieni and B, B. Hart, /. SotriHon, 2$, 599 
(1940). D. M. Hcgated, R. C. Mma, G. M. Brifgm C. A. Btvehjem and B. B. Hart, ibid., U, 175 
(1943). 

tid V. P. vSydenatridEer, S. A. Bingal, A. P. Brigga, N. U. DeVaugli and H. labetl. Seiewe, 95, 178 
(1943). 
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14. RoqidreoMtits 

Vitamin H is reqtured by all animals investigated, sudb as rats, dlido,” 
guinea ings, rabbits, monkqrs,^* dogs” and man. Man needs 50 Rat Units 
of vitamin H v^ien administeted subcutaneous or about three to five 
times this amount when given p» os.^ Cattle do not necessarily need an 
external supply of vitamin H since the microoiganisms in the rumen 
synthesize the vitamin.” The requirements of microorganisms (bacteria) 
have been discussed previously (see pi^ 475). 

Men have responded favorably to parenteral administration kA 150-300 
gamma of Inotin par day. Chicks need about 2.5-10 gamma tiod rats 
about 1-3 gamma per day. 

*> A. T. Kioftwc, L. C. Nani* sad G. F. Hciuer, Poultry M.. 10, 106 (1031). 

J. G. Lewe. H. T. Paraons and B. IKelly, Bioehm, J., Sl» 488 (1987). 

» P. GyArgy. J. Biol. Chem„ 131, 738 (1989). 

w P. GyArgy, Ibid.t ^^^s XLIII (1937). P. Sehults, Jfad. a. Chem. dMaiutt. medo-ckem, Ft^^hung- 
stdtten /. G. Farbenind., 3, 143 (1986). P. GyArgy and C. S. Rote, Proe. Soc. Bxpd. Biol. Mtd\ 43, 78 
(1940). 

” M. 1. Wegner, A. N. Booth, C. A. Blvehjem and B. B. Hart, Proc. Soc. E»pU. Biol. Afed., 48, 760 
(1940). 





THE GROUP OF VlTAMmS JC 


1. Nomendattire lad Sunr^ 

HimM: 

Vitamins K.* 

FlqrBoqainoties,' a-, etc. 

Koogitlations Vitemb. (German and Scandinavian term, from iriiich the present 
term "vitamb K" was derived.) 

Coagttbtbn vHamb. 

Frothrombn factor. 

Antthemorrhagic vitamin. 

Stmctara: 



CH| CHi CHt 

Vitamin K,: R - -CH,.C»==icH,|CH, CHriH-CH,lrCH, CHi iH CHi. 

CHi CH, 

Vitandn Kr; R - -CHr(CHs-i:CKrC%k 
2*Metliyl>l,4>naphthoquinone: RssH. 

2. Chronology 

1929 Dam* observed subcutaneous and btramuscular hemorrhages b chicles raised oh 
an arttSdal diet. 

19i)4 Dam and Sch0kh8Vobk* cooduded that the hemorrhagic c on diti ons of the chkto 
were caused by an avitaminosis arid called the new betor vitamb K.* 

> H. R. Batt Hid a. M. rtaUi, ViMmis K, PbihuMtibi*, 1S4]. 

> H. Uhb, KaHwe, MS, m (ISSS). 

> K XAnw UHl A. Oiriier, tfWr. CUm. A<ta, 22. S4fi (tSSS). 

« H. Dun. XetHfrn. 2., 215, m (1929); 220. ISO (1999). 

* H. Sam ud P. Scfcsiibejrdtr. MmVw. tSSS (1924). 

• H. Dull. .Vsttr*. lSS,.eS2 ( 1022). 
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1035 Dam, Sch(Mhbydbr and co>waricei* found that vitamin K takes part in restoring 
and maintaining tlie normal prothrombin level ot Uood. 

1938 Warmbr. Brimxiioub and Smith,' Butt. Snbu, and Osxsrbbro,* and Dam and 
C^viMn** demonstrated dinicaUy the usefulness of vitamin K for man. 

1039 Dam, Karrbr and co-workers, isolated pure ritamin Ki gad Dotsv and co- 
warkers," isolated pure vitamin Kt. The synthesis of yitan^ Ki was addeved 
independently in three different laboratories, namriy, in those of Aumuiar," 
Dotsv" and Pirkr.** Ahmsachbr and Fbrhrolz'* diseovered the anti- 
hemorrhagic activity of 2-methyl-l,4-naphthoquinone. ' 

1940 Doisy and co-warkers** elucidated the chemical structure of vitamin K|. 


3. The Grot^ of Vitamins K 

'rhe existence of only two naturally occurring vitamins K of high^tivity, 
namely, vitamins K| and Ks, has been proved with certainty. Pnthiocol, 
a naturally occurring compound, is ^so somewhat active but m con- 
sid^ably higher amounts. The inclusion of this compound in^ the 
class of naturally occurring vitamins K depends upon the proof that this 
compound is not an artefact from the alkaline hydrol 3 rsis procedure used 
for its isolation."' " It is, however, conceivable that besides vitamins 
Ki and Kj other members of similar structure occur naturally, especially 
of the type with jS-unsaturated isoprenoid side chains in the 3-position of 
2-methyl-l,4-naphthoquinone, such as 3-famesyl- or 3-geranyl-derivatives.*' 

Indication for the occurrence of at least one other factor has' been 
obtained through the isolation of colorless fractions.^*’ ” This factor is 
highly active and resembles in its bdbavior the oxides of vitamins K. 
It is, therefore, posable that this compound or compounds are oxides 
obtained during the procedure of isolation. 

’ H. ttam, f/attire, US, 0S2 (1935). P. Sch0Dhcyder, /5M.. US, 662 (1935). H. Ora, F. SeWn- 
liC]Nler and R. Tage-Hansen, Sioehem. J., 30^ 1D73 (1936). 

« B. D. Warner^ K. M. Brinkhous and H. P. Smith. Proe. Soc, Exptl. Biol. Med.. 37» 628 (1938). 

* H. R. Butt. A. M. Snell and A. E. Osterberg. Proc. Staff Meetings Mayo Clinic. 1$, 74 (1938). 

» H. Dam and J. Glavind, Lancet, 234, 720 (1938); Acta Med. Scand., 96, 108 (1938). 

H H. Dam, A. Geiger, J. Glavind, P. Karrcr, W. Karrer, B. Roth»child and H. Salomnn, Helv. Chim, 
.Acta, 23, 310 (1989). 

R. W. McKee, S. B. Binkley, D. W. MacCorquodale, S. A. Thayer and E. A. Doisy, J. Am. Ckem, 
Soc.. 61, 1293 (1939). 

H. J. Almquist and A. A. Klose, Ibid., 61, 2357 (1989), 

H S. B. BioMcy, L. C. Cheney, W. F. Holcomb, R. W. McKee, S. A. Thayer, D. W. MacCorquodale 
and B. A. Doisy, Ibid.. 61,’9338 (1989). _ 

u L. P. Fiaear, Ibid., 61« 2539 (1989). 

M S. Anabacher and B. Perahois, Ibid.. 61, 1924 <1989). 

» S. B. Binkley, R. W. McKee, S. A, Thayer and B. A. Doiiy, J. .BM. Chem., 133, 721 (1940). 

n L, P. Pieser, /. Am. Ckfffa. Soc., 61, 2359 (1989), 

» L. P. Piaser. l^d.. 61, 8467 (1989). 

« 1,. P. Pleimr, M. Tishler and W. L. BamfMos, J. BM. Chem., Ihf, 669 (1941). 

» S. AnebadMr, B. Pemliois and H. B. MaePhillan^, Proc. Sdc. Eatpa: BM. Med., 42, 666 (1989). 

** B. Fcmhols, S. Anabacher and M. L. Moore, J. Am. Chem, Soc., 61# 1618 (1989>, 
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4. Oeeinr^nce 

Generally spetddag, vitamins K ooctir mily in plants and in mkra* 
organi 8 tn 9 . .Wlikh cme of the group of vitamins K is present in eadh 
souira is krgdy tinlaiown, but it is assumed that the green leaves of plants 
contain pred ominant ly or solely vitamin Ki, whereas tiie mictoaqiatiisms 
contain vitamin S 4 . 

The best sources of vitamin Ki are the green leafy tissms of alfi^Ui 
qdnadi, cabbage,**- ** kale, cauliflower, nettle, cfaesbiut,** etc. Vitamin K 
is also present in tomatoes, hempseed, seaweed** and soybean dl.** 
Fruits and cereals ate very poor sources of the vitamin. 

Vitamin K« occurs in many microorganisms, especially in most bacteria,** 
while molds, yeasts and fungi contain no, or practically no, vitamin K. 
I^mn a practical standpoint it is important that the microorganisms in 
the intestinal tract contain abundant quantities. Most putrefied animal 
and plant materials contain Ugh amounts due to bacterial growth. 

Animal materials contun very little vitamin K, althou^ milk and eggs 
contain small amounts. Hog liver** is the ridiest animal source found 
so far. The livers of chicks**- **■ *• and of rats** contain very little vita- 
min K. 


5. Isolation 

The isolation of vitamin Ki fTom, for example, alfalfa leaf meal, is carried 
out by first extracting the dried plant material with petroleum ether, 
hexane** or acetone,** followed by an adsmption of the dilon^ihyn present 
on zinc carbonate,** magnesium oxide** mr pho^hotungstic s^.** Upon 
cooling the reiqpining solution, some material {uecipitates and is discarded. 
The solution is ti>en subjeded to firactional distiUation.**- ** Vitamin Ka 
distills between 120° and 140° C. at 10~* mm. Hg. Several compounds, 
espedally sterols, are separated from the distillate by crystallization from 


" B. Dub. tSS, SSS (1934); Buchem. 39, 1273 (1934). 

» K. J. AbBqabtMid B. L. R. StotatMl, Kattm, 133, 31 (1933); J. BM. Chtwu, lit, 105 (1933). 
a H. Dmb and J. Ohvtad, BMum. J., 33. 489 (1938). 

• B. J. AliMpdit ud B. L. R. Stokstad, J. h'lOiitioH, 14, 334 (1937). 

» B. J. Ataaqabt. C. P. Paatbr aad B. IdaceU, Pne. Soe. SttB. BM. M*i., 38, 338 (1018). 

« H. Daa aad P. SOMahaydcr, Biodum. J., 30. 807 (1930). 

• B. Oaai aad J. Olaviad. Zaacd. U4, 730 (ISSn. 

• B. J. Ataquht aadB. L. R. Slokalad, U, 8M (1988). 

H B. J. Abagafataad B. L. U- Stekalad. I3M.. U. 339 (1038). 

•* B. Daai aad P. ScMaSajdar, Bbdbia. SOt 387 (1938!). 

*• r. Kamr. A. Odfar. R. LWbr. A. ROtcitr aad B. SatoM. Bab. CMb- A«b, 33, 1484 (1939). 
w A. A. XIaae aad B. J. Ataaqidat, /. Am. CSaai. Sto.. 81. 883 (1909). 

» B. Riaitl. C. B. Scfiwailaar aad P. G. Sadtb, jr. SDal. Clwa.. m <05 (1989). 

" H. J. Ataqabt. /Md.. 138. 888 (1037). B. Aua aad I.. iMWh. BtaOtm. 31. 17 (1037). 
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acetone. By apfdicatkni of tiw cfaiotnatngraphic adsorption tedinic 
u^ng first dehydrated ntagnestum sulfate and then zinc cartmnate, the 
pure vitamin can be obtained.** Other adsorbing agents such as caldtun 
sulfate,** weakly acidic fuQtf’s earth (Florex),** Pennutit,**' * Ikreo,** 
etc., have been used for the isolation of both vitamins Ki and Kt. 

The Elation of vitamin K according to these procedures is rdatively 
diflicult. A very ample method has, however, been devised for the isola- 
tion of vitamin K in tte reduced form.** This conasts in reducing a crude 
>dtamin K concentrate in alcohol solution with sodium hydrosuMte and 
extracting the reduced vitamin with petrolenm ether. The mlvent 
solution is then extracted with 5% sodium hydroxide containing hydro- 
sulfite, whidi removes conaderable amounts of foreign mattea The 
petroleum ether solution is then extracted with Claisen’s alkali solution,** 
prepared from potassium hydroxide, water and methanol, to which nydro- 
sulfite has been added. The alkaline solution is diluted with wat<T and 
the reduced vitamin is extracted with ether. The ether solution is ' 
with hydrosulfite solution and the reduced vitamin is obtained by evapora- 
tion of the solvent. The vitamin itself is obtained from the reduced com- 
pound by sluJcing in ether solution with ^ver oxide and magnesium sulfate. 

Vitamin K can also be isolated in the form of the diacetate of the reduced 
form which is prepared by dissolving the vitamin in acetic anhydride, and 
adding zinc dust and pyridine.*** ** I 

6. Properties 

The vitamins K are soluble in most of the common organic solvents, 
ei^pecialty in ether, petroleum ether, hexane, acetone, etc., but are insoluUe 
in water and oidy sparingly soluble in methanol. The vitamins are 
essentially tbermostaUe.** They are very sensitive to alkali** and to lig^t 
from various aources, such as sunlight,**’ ** the illumination from ordinary 

» H. Omi, Z. S, 24S 

» B. RIagd, C. a. Sdiwcttaw tad P. C. ilmitb. J. BM. Chtm., IM, 4«5 (1989). 

• S. B. BlaMqr. D. W. MacCcnitMailc. S. A. Tlu|7« B. A. Doiqr. im., 139. 319 (1989). 

• a. W. Uckm, S. B. Btahlcjr, S. A. Tlwycr,' D. W. MMCor«aoMc nd B. A. Daisy, IbU^ 111, 
887 (1989). 

«> L. P. PioNr. /. Am. aum.Sac., 91. 8497 (1989). 

•• L. CWm. Am*.. 419, 99 (1019). 

m L. P. Ptaw, J. Am. Cbm. Sot.. 91. 8497 (19»). 

M 8. B. mOAtr, D. W. MocCocqiiadac, L. C. CkoMy. S. A. Tfaqror, R. W. McKsa and B. A. Dsiqr. 
1»M.. 41, ISIS (1989). 

• k. J. AtaMpdot. /. BM. CAm.. 189,988 (1987). 

■.«H. |. Atawdot aad B. 1.. R. Stttotad. /. PaMHaa, la 8U (1987). 

« b. IP. IdkeCarciiMMUa, R B, WidEtar. R. W. McXoa, .S. A. TiMjrar oad E. A. Oat»r. Prof. Sot. 
Atpa. RM. jr«d., 4a 498 (laW). 

« P. Ramr il!»d. lA. Oolipr. ma. CMm. Act*. 88, 945 (198a. 
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Mazda l^bt bulbs*' «ndidtravioIetIi^t.‘" ThevitambsKodiiUt^ri^cal 
abscuptkm cliaracteristics in the ultraviolet r^;ion with niMitn^ at 243, 
248, 261, and 328 IBM (Fig. 24). 

VitamlB Iti is a yellow dl, which mdts at about —20° C. The redox 
potential »£«,>= +0.005 volt. Vitamin Ki exhitHts a white fluorescenee 
in the light of an argon lamp." This phenomenon has not been observed 
in ample naphthoquinones without side chains in the 3-position, 
intuuin K> is a yellow crystalline solid, m. p. 53.5-M.5‘‘ C.*‘ 
2-M«fliyl-ly4>iui|^1hoqniiume is a lemon-ydlow (xystaUine powder 
with faint but characteristic odor, melting at 106° C. It is soluble in 



Fig. 24. — ^Absorption spectra of vitamin Ki (I) 
amt of vitamin Ks (II). (D. T. Ewing, J. M. 

Vandenbdt and O. Kamm.) 

water to the extent of 0.13 mg. per 'ml. The absorption spectrum of 1,+ 
naphthoquinone and the diacetate of the hydroquinone are diown in Fig. 25. 

7. Chemical Constitatioii 

(a) The CoHSikution qf VHanm Ki 

'i^tamin Ki has the empirical formtila CnHuOt uid, according to 
potentaometric titrations with sodium hydrosulfite, a molecular wdj^ 
<d 450." The presence of the oi^n atoms as qdnone oxygens was 
deduced from the redox potential whidi jnoved to be very similar to that 

"n. J. AfansaW, J. SM. Chtm., 117. S17 (1S87). 

■* H. J. Almqnist aad A. A. X3iMe, J. Am. Cktm. Sat., ai, MSI ( IWW). 

“ 8. a. Bialil^. a. W. MdCw. A A. Thsysr sod X. A. Oobr. lU, 7SI (tS«e. 

•* P. XafMrand A. Osifw, ffsto. CMm. Am, IS. 94A (im). 
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ot many l,4Kiuiiioties sudi as, for example, tile antluaquiiiotie-liydto* 
antfaraqninone system.** The presence of a quincad structure was also 
su^iected from the absorption spectrum of the vitamin** which proved 
to be vesy similar to 2,3-disubstituted 1,4-naphthoquinones. Further 
indications were the instability of the vitamin toward aiifn« and ligh* and 
finally the absorption of eight atoms of hydrogen upon catalytic hydro- 
genation** (I II) . The reduced compound is a>loriess, but upon eiqibsure 
to Ught it is oxidized to a yellow compound (III) the color of sdiich is 
»milar to that of the vitamin itself. This suggests that the original 
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Pig. 25, — ^Absorption spectra of 1,4-naphttao- 
quinotie (I) and the diacetete of 1,4-napbtlKdiy- 
droquinone (H), (D. T. Rwing, J. M. Vaaden- 
beh and O. Kamm.) 

vitamin is a quinone which is reduced catalytically and partially reoxidized. 
Further proof was furnished by reductive acetylation which yidded a 
crystalline diacetate (IV) (formula on page 488) from which the vitamin 
could be recovered by hydrolysis by means of a Grignard reaction, followed 
Iqr air oxidation.** The color of the quinone is yellow, which suggests a 
1,4-pasition of the oxygen atoms, since the only other possilfie quinones, 
namely, the 1,2-quinones, are red. 

»». W. McXce.S. B. Binkley, D. W. MncCorquadale. S. A. Thayer nad R. A. D^.J.Am.Cktm. 

Sfi; «i. iSM (isav). 

« 8. B.'Katfiey. D. W. MaeC«t|itodalc, 1.. C. Cheney, S. A. Thayer, R. W. McKee and B. A. Doiny. 
IbU., tU lost (ISSS). 
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OH 



CH« 




Oa 




CH, CHi CHi 

Hr-CH,— CHr-lCHr-CH,— in— CH,lr-CHr-CHr-iH— CH, 


an) 


Vitamin Ki upon oxidation with an excess of chromic add y^ded 
phthalic add (V).* ' This shows that the aromatic non-quinoid ring has 
no side chains attached and suggests that a 1,4-naphthoquinone is present 
which then must be substituted in the 2- and :i-positions. Mild chromic 
add oxidation yielded 2-methyl-l,4-naphthoquinone-3-acetic add (VI)** 
which was identified by comparison with a synthetic spedmen.** Sum- 
Uufy, duomic add oxidation of the diacetate of dihydro-vitamin Ki 
yielded l,4-diacetoxy-2-methyl-naphthalene-3>acetic add,** the methyl- 
estdr of which proved to be identi^ with the s)mthetic compound of the 
indicated structure. 

As indicated above, catalytic hydrogenation of vitamin Ki yidded a 
hydroquinone by absorptton of four mols of hydrogen. Snce hydrogena- 

n. W. MMComiMdalc. S. B. Binkley, S. A. TiMyrr ami U. A. Iluiay. J. Am. Cktm. Set., SI, 
loss (ISSS). 

^ S. B. SHnkley. L. C, Chaney. W. V. Hiricaaih'; K. W. McKee, S. A. Thayer, l>. W. MacCa e mimli le 
Md B. A. Oeiey, /MS., SI. 3SSB (ISBS). 
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tion of a naphthoquinone nucleus would require oidy three mohh the 
presence of a double bond in a dde dhain was indicated. This was 
proved by oxidation oi the diaoetate of dihydro-vitanun Ki with ozone 
which yielded a ketone, CuHmOu (VIII), which was found to be identical** 
vnth the corre^nding ketone obtained by oxidation of phytol.** The 
constitution of this ketone, is 2,6,10-trimethyl-pentadecanone-14. The 
other reaction product from the ozonolysis is l,4-diaceto]qr-2-methyl- 
naphthalene-3-acetaldehyde (VII) which was characterized as the semicar- 
bazone.**’ *• 

These degradation reactions prove conclusively the structure of vitamin 
Ki as 2*methyl-3-phytyl-l, 4-naphthoquinone. 



/ 




CH, 


CHi 


CH« 


y — CHr-CH=C— CHr~ [CH,- ^ CH, - CH- -CH* |r-CHr~CHr-CH— CH| 

(IV) 


(Formula eotUinued onfolhwini Page.) 
n F. Q. madagr and K, Uwcuberg, Aun., 4d4, m (1029). 

M 8. B. R, W. MeKce, S. A, Thayer and K. A. Dolsy, Free, Am. Soc. BUA. Ckom., XII. 

w 8. B. Bto&Oey. R. W. MclCee, S. A. Thayer and K. A. Doioy, JT. Biol. Ckom., 133« 721 (1040^. 
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(6) The Constitution of Vitamin Kt 

The methods used for the eluddatioa of the structure of vi tamin and 
the knowledge gained from the proof of the structure of this vi tamin ^rare 
successfully applied for the determmation of vitamin Ks. 

Vitamin Ki has the emimcal formula C 4 iHmO>. Upon reduct^ 
acetylation, a diacetate of dihydro-vitamin Ks is formed** (I -* II) whidi 
proves the presence of the two oi^gens in a quinone structure. The 
quinone structure is also revealed the absorption qiectrum, whidi is 
very dmilar to that of vitamin Ki. (See Fig. 24 on page 485.) 

Upon catalytic hydrogenation, vitamin Kt absorbs 9 mols of hydn^ien.** 
Snce three mols are required for reduction of the quinone structure, the 
presence of six double bonds in the side chains is indicated. This assump- 
tion is confirmed by the fact that dihydro-vitamin Krdiacetate adds 12 
atoms of bromine. These six double bonds are not in conjugation to eadi 
other since no addition product is formed with maleic anhydride and since 
the ultraviolet abs(Mt>tion qiectrum does not indicate the presence of any 
conji^ted dou& bonds in addition to the quinone structure. 

Oxidation of vitamin Ki with ozone**’ ** yields l,4-diaceto:iqr-2-meth]rl- 
acetaldehyde (III) whidi was characterized as the semicarbazone. hem- 
lin-alddiyde (IV) was further isolated from the oxidation product and 
identified as tin bi8-2,4-dinitro-phenyl-hydrazone. Assummg that 1 md 
of vitamin Ks wmild yidd 5 mds of kvi^-alddqrde, this conqiound was 
obtained in an 81% yidd. Acetone (V) was obtained also from tiie ozo- 
nq^yas in the form of its 2,4-dinitro-ph^l-hydrBZone in a yidd of 56%, 
assuming that <me mol of acetone otis^tes from one md of the vitamin. 

"S. a. BinUqr. D. W. MMComtiodatc. L. C. Chmcr. S. A. Ttey<r. X. W. McKm aad B. A. 
Doiqr, /. An. C**m. Sot., SI. ISIS (19W), 

•> a. W. McKm, S. a. alaUqr, O. W. MB«C<n|uad*l«. S. A. Tbsyar Md B. A. Doligr, /MA, «i« 
ISM (tSSS). 

" S. a. Biidday, R. W. McKm, S. A. Thiqrcr urfa A. Oabr, IVw. Am Sot. BM. lS«a XII. 

«• 8. a. Bbtkbr. K. W. uaua, S. A. Tlny« aad B. A. Doiqr, /. BM. Om., IM. TSl <lS«a. 





STMTHBSn 


t)dow 50** C.**’ ** ‘Hus oxidution cbUi however, slso be carried out by 
other ondiziiig agents, sudi as mokcular oxygen (air), hydrogen pe^de,** 

etc. indds between 30% and 60% of tiieory have been r^ortedW tills 

oxidation. ’ ' ‘ 

2*S^tliyl«14*na(dithoqutnone has also been ynthesised by a sin^de 
and practkal tou^tion seipienoe from naphthalene.** Naphthalene is 
snlfonated in the d*position and the sodium salt yields d-naphthme add 
nitrik upon treatment with KiFeCCN)*. The nitrile is hydndyzed to the 
free d-napbthoic add, the Ba-salt of which gives uptm distillation with 
barium formate the correqwnding alddhyde in 60% yield. ra»wifii>tMiwi 
reduction of the oxo-oompound yidds 2-methyl-naphthalene whidt is 
converted by oxidation into 2-methyl-naphthoquinone. 



A total synthesis- of 2-methyl-l,4-naphthoquinone has been acoom- 
plished” condensing benzene by means of aluminum chknide with the 
anhydride of methyl-sucdnic add, which is obtained horn dther dtric 
add or d>tartaric add. 1116 reaction product, a-methyl-d-benzoyl- 
propionic ackl, is reduced by the Clemmensen method to yi^ o-metigrl- 
Y-fdienyl-butytic add. Sing-dosuie of its chloride with AlClt yields 2- 
methyl-o-tetrahme, whidi is converted into 2>methyl*l,2,3,4dettahydro> 
m^thalene by reduction. Ddiydrogenation with sulfur ox with ad m ii um 
yields 2>niethyl-naphthalene, which is oxidized to the quinone. 

•• L. 1. SMith and I. M. WafaMK, /. Am. Ciim. Sot.. W, 403 (t«S7). 

V L. P. PImw, W. P.'CmpbaS, B. U. Pnjr ud M. O. Oatm. »U., ti, >SM, SSM (ISM). 

» a. T. Atwld aWl a. UiWM. /. orf. Ckni., S, «M> (ISM). 

P. P. T. Sah, W. Bras aad H. Haiwa; a«r.. n. T6S (tSM). P. P. T. Sak, Kn. Irat. Mm., m, 
Ml (ISM). 

” P. P. T. Sab add W. BraS, »r., n, USO (ISM). 
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(6) Synthesis rf Vitamin Ki 

The ^them of vitamin Ki (I) has been carried out from 2-methyl- 
1, 4-naphthoquinone and phytol (II) by a number of different methoi^ 
Thus the synthesis has been ^ected from these compounds alone, at, 
better, from 2-metlqrl-l,4-naphthohydrDqmnone (III) and phytol in dbe 

OH 

I 


(HI) 



CHiOH— CH< 


CH. 

[=-i— CHr 


CHi 

-tCHr-CHr-iH— CH»]r-CHr-CHi 

ai) 




CH. 


OH 


CH. CH. 

r-d:H— CH,jr--CHr— CHf— dn— CH, 



O 



M H. J. AtawmiM apl A. A. Klow, /. Am. Oum. Sot., ftl. 85117 (»*»>. 



nnnJsnoAt. xbthods ot ntwAXAmw ^ 

pRtence df catafystSt sucii as oxalic add or tridiloiro-aoetic addT* using 
dioxane as a advent* Another variatioa is to use the mono-so^mn sdt 
of 2-iiieth3d4.>dJq'droqutnone and phytyl bromide.” The hydroquimme 
has also fa^ condensed with phytbl in benzene solution using zinc diloride 
as the condenang agent. >^tanun Ki-hydroquinone (IV) is obtahied 
from the methods involving the use of ^ h3^droquinone and is then 
oxidized to the vitamin (1) by air or silver oxide. 

The best yidds can be obtained by working under mildly acidic condi* 
tions. In tte presence of strong adds, such as mineral adds, the con* 
densation is carried further, giving rise to compounds of the vitamin B 
type. Condensation in alkaline medium, on tte other hand, gives low 
yield and undesitable dark brown reaction mixtures from whidi it is 
difficult to isolate the pure vitamin Ki. 

Vitamin Ki has also been synthesized in low yields from phthiocol, in 
its reduced form, and phytol.” 


(c) Syndesis of Vikmin Kt 

The synthesis of vitamin Ks has not been accomplished as yet. 

9. Industrial Methods of Preparation 

The concentrates of natural vitamins K, such as alfalfa concentrates, 
are still of condderable industrial interest, dnce they conttun the natural 
vitamin Ki whidi is dinically used. Synthetic vitamin Ki is available, 
I»repared acoordingto the methods previously described, but is not widdy 
used due to the high cost. The synthetic 2-methyl-iiaphthoquiiione, winch 
is at least as active although at hi|h doses somewhat more toxic than the 
natural vitamins K, is ofiEoed on the maiicet and is used dinically. 

Water-soluble forms of vitamin E have been introduced on ^ market 
While the natural vitamins and 2-methyl-niqihthoquinooe are fat-sdriUe 
and require the presence of bile adds for jnoper absorption from the 
intestinal tract, the water-sdtffile forms are abscnbed as. sudi and are 
also unpmrtant for intravenous administration. The fdlowing water* 
sduMe conqpounds of vitamin E action are used: 2-metltyi-l,4-naphtho- 

t. F. VbMr, J. Am. Chtm. Sot ., «!, 3SW (19»). 

» S. B. BiaUegr. L. C. Chour, W. F. Hglaomb, R. W. HdCa«, S. K. Tlmrtr, D. W. taeCarqiiodala 
■ad B. A. tMv. IM., SI, SSSS (ISSB}. D. W. MMCmiuodalB. V. C. CbMMjr, S. B. WdEhqr. W. F. 
Bateaad,, a. w. McKm, S. A. Thayw and B. A. Oetojr, J. BM. Chtm., Ml. U7 (1»M). 

V M. tUUm, h. F. JHam aad N. U Wrndlw, /. Am. Oum. Sot., dt, ISH (1S«». 
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hydroqtdnoQf^S^odiutn-si^otuite,” 4HUiutio-2*nietbyl>l-iiaplit]iot kjrdro- 
dilaritfe’*' ’'*> ** and sodium ^methyl-t,4*na}>hth(di3rdroqaiiioiie dqilKiB- 
phate.**' **• ** 


10. BiogMiMia 

The vitamins K are synthesized by plants and by certain microorgmi- 
isms. In plants, the site of synthesis is in the green leaves. Thus the t(^ 
of carrots contain a considerable amount of vitamin K while the roots 
contain practically none."* The ^nthesis is greatly influenced by sun- 
light. Peas grown in the dark contain only small amounts, while control 
plants raised in light contain Considerably mcne.** The outW leaves of 
cabbage contain about four times more vitamin K than the inner leaves."" 

The synthesis of vitamin Ri is presumably accomplished bv methods 
similar to those used in the laboratory, that is, using phjrtol a^ methyl- 
naiflithoquinone as building units."" Vitamin Ri is S)mtheazed in certain 
microoiganisms Which live on vitamin K-free diets."" Coli bacteria syn- 
thesize vitamin K on a ^thetic medium which contains as organic con- 
stitumts only glucose, citrate and asparagin."" 


11. Specifldty 

The physblogical activity of the vitamins Ki and Ks is by no means 
restrict^ to these compounds. A number of other similar compounds 
have the same property. From the vast amount of work done to elucidate 
the specificity of ^e vitamin K action the following conclusions can be 
drawn: The quinones may be converted into the cmre^nding l^dro- 
quinones, their esters and ethers without essuitisd loss of efficacy as long 
as the derivatives can be reconverted into the quinones under more or less 
simple conditions which also may occur in tte cnganism. The unsub- 


B» Hoorc and F. J. Kirchmeyer, quotad In U. R. Butt and A. M. Snail, Vitamin iC, Pldla* 
fMpIda, 1S41. M. B. Moore. J. Am. Ckem. Soc., 2049 (1941). 

« B. A. Doby, D. W. MacCorquodalc. S. A. Thayer. S. B. Binkley and R. W. McKee, Saknct, 90, 
407(1939). 

^ H. J. Almqnbt and A. A. ipoae. Froc. Soe. Bxpll. Biot. Med., 48. M (1940). 

« D. Ridbtert. S. A. Thayer. R. W. McKee. S. B. BiaUey and B. A. Doiey, /Mtf.. 44> 601 (1940). 
u h. P. FieNT and B. M. Frey, J. Am. Ckem. Soe., 62t 991 (1940). 

•• R. H. K. Feater. J. I,ee and U. V. SdmMen, ikid., 62» 458 (1941^. 

S. Aaabacher, B. Pemhola and M. A. DoHiver. Froe. Soc. BapU. -BiU. Mai,, 45» 668 (1940). 

M H. J. Altnqttirt, J. Biot. Ckem., 117» 517 (1987). 

» H. Ban and J. Clavind. Bioekem. J., 52, 4U (1988). 

« L. F. Ffeaer. W. F. Canpbdl and B. M. Frey, /. Am. Ckam. Soc., 61» 8806 (198(0. 

« H. J. Alnquiat. C. F. Fender and B. MeedO, Froc. Soe. BapU. 3M. Mai., 89, 886 (1989). A. K. 
fmtmAMrp,Froe.StafMeeHngtMayoainU,lh79{lPm}. j 

« H. Bam, J. Cfavitid, S. Orta-Jcnnn and A. O. Orla-lenaea, yMnrBimimkafiam^H^m UHil 
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stituted tMSUsene ring of the vitamin molecule cannot be substituted without 
loss of activity. The 2*methyl group cannot be replaced by hydrogen or 
higher alksd groups without considerable decrease in activity. The sub- 
stituents on the S-position, however* can vary considerably and the change 
in efficacy is only dight. The most remarkable fact is that when the 
substituent in 3-posation is hydrogen* that is* when 2-methyl- l»4-naphtho- 
quinone is tested* an activity of from two to four times that of vitamin Kt 
per wdght unit is observed. This unique activity of 2-methyl-naphtho- 
quinone has caused widespread interest which led to the inti^uction of 
tUs compound into clinical therapy. Its unusual efficacy has been ex- 
plained by the hypothesis that this compound itself does not act as a 
vitamin in the organism but that it is converted in the organism into a 
quinone of the true vitamin K type. On the other hand, it has been 
postulated that the vitamins Ki and Ks owe their activity to their degrada- 
tion in the organism to 2-methyl-l*4-naphthoquinone.^ While the lattes 
hypothesis appears less attractive, no experimental proof for the validity 
of the forma* can be offered other Uian the fact that such a synthesis is 
easily accomplished in the laboratory and that the building units for a 
. side chain of the vitamin Ki or Ks type are readily available. 

The effect of variations of the side chain in 3-position are noteworthy. 
A double bond in the /J-y-position contributes to the potency while un- 
saturation at points more remote from the quinoid nucleus is without 
influence. A branched side chain* built from isoprene units, is more 
active than a strictly straight chain and maximum activity is reached when 
some 20 or 30 carbon atoms are present. 

Finally* the fact that the activity of the 2*3-oxides of the vitamins K 
is almost equivalent to that of the vitamins is noteworthy. Compounds 
which may be identical with these have been isolated from natural ma- 
terials, but their identity has not been established as yet and the possi- 
bility of an artefact during the process of isolation cannot be nded out. 

These condu^ons have been drawn from a large number of experiments 
with many compounds. In the following tables* comparative data are 
given for the tn jnimmn effective dose of various series of compounds 
which are chemically closely related. The effective dose in these tables 
is defined as the minimum amount of material which* when administered 
in 0.1 cc. erf peanut oil, will reduce the blood dotting times of flO to 80% 
of vitamin K^deflcient chicks to less than 10 minutes during an IS^^hour 
period.**^ 

K. I. Alwitlitt, HysM* Ktr,, 21, UM (11»41>. 

•• 1- P. FIfitr. M. Tiiibler Md W. t. J, Bittl. CMrm., IS?, W 
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Tablb P* 

2-MBTByi>S>Aixn^ amo 3-^AuDnnrL-l,4-MAnRB0Qinii0Mxs 


Compound 

BSective 
dose in y 

2-Methyl>^-pBytyl-l,4-]mplithoqi}]DoneP^' ** (Vitamin Ki) 

1 

2-Methyl-^-^ame8yl-l,4-naphthoqttino!ie^*' (l^tamin Kt) 

1.6 

2-Methyl'^iainQe3yl-l,4-nAphth(>qtdn<me* 

5 

2-Methyl-^j9,YHlihydrppliytyl)-l,4-nAplithoquinoiie^* • 

8 

2-Methyl-3-geraByl-l,4-4u^htiioquinone^* 

26 

2-Met]iyl-3-diiiiamyl-l,4-naphthoquinone** 

26 

2-Methyl-^-(AT*y-triinethyl-allyl)-l,4-naphthoqumoiie** 

/ 60 

2,3-Dimetliyl-l,4-naphthoqttinone^ 

60 

2-Methyl-3-ben2yl-l,4-iiapht]ioquinoBe^ 

\200 

2-Methyl<3-h3rdxxx:innamyl-l,4-iiaphtboqumone*’ 

\300 

2-Methyl-3-octadecyl-^l,4-naphihoqtiinoiie*** 

Inactive at 1000 


fABlB n«« 

2-AlXYL- and 2-/3rALKBNYL-l,4-NAPRTHOQUlNONBS 


Compound 

Effective dose in y 

2-Methyl-l,4-naphthoquinoiie^ 

0.3 

2-Phytyl-l,4-naphthoqttinon6*** 

60 

2-Fanie8yMf4-liaphthoquinone*** 

600 

2-(/9,T-Dihydro*phytyl}-l,4<naphthoqttinone 

600 

2-fi-Hexadecyl-l,4-ttaphthoquinone”* 

More than OOp 

2-ii-C)ctadecyM ,4-iiaphthoquinoiie^ 

More than 600 

2-Allyl-1.4-iis4>hthoqumone'««' 

800 

2-Geranyl-l,4-naphthoqumone*** 

1000 

2-EthyM,4-iiaphthoquincme"»* 

Inactive at 1000 

2-d»-Propyl-l,4-naphthoquixi0ne^* 

Inactive at 1000 


L. P. Pteser. J. Am, Chem, Soc., 61, 25A9 (1939). 

** L. P. Fieser. Ibid., 61, 3467 (1939). 

** R. W. M^ec, S. B. Binkley, D. W. MmcCorqnodale, S. A. Thajrer and B. A. Doisy, Ibid., 61, 
1295 <1939). 

M H. Dam, J. GlavSnd and P. Karrer, Htip. Chim. Aeta, 26, 224 (1930). 

« L. P. Pieeer, M. Tbhler and W. L. Sampecm, J. Am. Cbem. S(K., 62, 996, 1628 (1940). 

M L. P. Flemr, M. Tithler and N. L. Wendler, Ibid., 62 , 2861 (1940). 

M. Tishler. L. P. Piceer and .N. L. Wendler, Ibid., 62, 2866 (1940). 

** P. Karrer and A. Bppreclit, Htlv. Chim. Ada, 23, 272 (1940). 

« h. P. Fieser, W. P. Campbell, B, M. Frey and M. D. Oates. J. A m. Chem. Soe., 61, 2559, 3216 (1939). 
M E. Pembols, 8. Ansbaeher and H. B. MacPbiliamy, Ibid., 62, 430 (1940). 
m L. P. Piceer, M . Tishler and W. L. Sampson, J. BM. Chem., 137 , 659 (1941). 
s. Ansbadier and B. Pembols, /. Am. Chem. Soc., 61,1924 (1939). 

L. F. Fieser, M. Tishler and W. L. Sampson, Ibid., 62, 996, 1628 (1940). 

H. Dam, J. Olavind and P. jSarrer, Seh. Chim. AOo, 23, 234 (1940). 
w B. Pemhois, S. Ansbacher and H. B. MacPhOlamy, J, Am. Chem. Soc., 62, 480 (1940). 
m t. ¥. Fieser, W. P. Campbell and B. M. Frey, Ibid., 61 , 2306 (1989). 

L. P. Fieser. D. M. Bowen. W. P. CampbeU, M. Fieser, S. M. Frey, R. K. Jones, B. Rlegsl, C. E. 
Schweitaerand P. O. Smith. Ibid., 61, 1925 (1989). 

M M, Tishler and W. L. Sampson, Ibid., 61, 2558 (1989). 

B. SfOpien, 2. ph^sM. Chem., 364, 1 (1989). 









SPBCmOTT 


m 


Table IH‘“ 

Wiamm Alkvlatbd NAnrcBOQmMONBs 


Compound 

1 Effective doee in y 

2*Bthyl-3-phytyl-lp4»iiai>hthoquinoiie^^^> 


1000 

2p8-Diallyl-l24-naphthoqttiiicme>^ 


1000 

2,5-Diiii^yl-1.4-iiaphtlioqttmoiie^» 


300 

2,6-Diinet)iyl-l,4*iui.pHthoquiiioiie 


lEacdye at 1000 

2,7-Dimethyl-lp4-xiAphthoqismc»ie 


1000 

2p8-Dmiethyl-l,4-tiapht}ioqttm0iie^u 


500 

6p7-Dimetliyl-lp4-naphthoqui]iotie^^<* 


Inactive at 1000 

2p6-Diinethyl-3-phytyl-l ,4-iiapbthoqui]ione^‘* 


Inactive at 1(XX) 

1, l‘Diinethyl-3-^/-butyl-l ,4-diliydro-anthraquinoiie^^^ 


Inactive at 1000 

2-(5*Methyl-7*peatenyl)-l,4-dihydro-anthraquinone^^^ 


Inactive at 1000 

lp2p4-Trihydroxy-aiithraquinoiie^" 


100 

Tablb IVJ» 

Caubbthoxy- and Hydroxy-naphthoquinonbs 

Compound 


Effective doee in y 

2-Metbyl*3-carbethoxy-1.4-]iaphtlioliydroquifione^** 


25 

S-Metbyl-5-bydroxy-l,4-siaphtboqul]ione^*^ 


400 

S-Methyl>3-b]rdroKy-lp4-iiapbtboquinoiie (Pbtbiocol)^** 


500 

8xHydroxy*lp4-siapbtboquuioiie (Juglone)*** 


Inactive at 1000, 

i 


feebly active at 

8-Hydroxy-ly4«napbtboquinone (Lawsonc)^**’ '** 


10 mg. 

Inactive at 1000, 

2-Hydroxy-3-diinetbyl*allyMp4-]iapbtboquiiione (Lapachol) 


active at 10 mg. 
Inactive at 1000, 

2-|8-Hepteiiyl-3-hydroxy-lp4-tiapbtboquinone 


active at 5 mg. 
Inactive at 1000 

2-Faniasyl-3-bydroxy-lp4-liapbtboquiiione^* 


Inactive at 1000 

2-Metbyl-3-(7-bydrci4y-dlbydropb3rtyl)-lp4-napbthoquiiione^** 


Inactive at 1000 

Hydroquincme-diacetate^* 


Inactive at 1000 


»• L. V. Ficwr, M. Tishter itiid W. L. Subpmd. 7. BM. CHem., U7, ASO (1041). 

•» L. P. PiCMT, 7. Am. CJUm. Soe., 01, 2569 (1089). 

■» L. P. Plow, IM.. «t, 3467 (1080). 

'» L. P. fuaer, W. P. Cunpbell and B. M. Prey. tbii.. 61, 2206 (1080). 

»« L. P. Piewr. D. H. Bowen, W. P. CanMiMI. B. M. Prey end M. D. (Utee, thid.,4t, 1026 (1080). 

•u M. Tiriiler, L. P. PicMr and N. L. Wendler, tUi., 68, 2866 (1040). 

»• L. P. FieMT, IM.. 61, 3467 (1030). 

■" L. P. Pieter and C. W. Wiechard. tbU., 68, 168 (1040). 

•X G. J. Martin and C. P. LiMber. 7. BM. Oum., 137, 160 (1941). 

*x L. P. Pieter, H. TiiMar and W. L. Sampton, IhU., 137, 680 (1041). 

■* C. P. Koelteh and D. J. Byttt, 7. Am. Oum. Sat., 68, 660 (1040). 

"■ L. P. Fieier and J. T. Dttim, /Md., 38, 672 (1086). 

'"H. J. Atmqaiatand A. A. Kloie,/M..61,1611 (1980). . 

!*• R. Knhn, K. WalltMdt, P. Btargand, T. MON and L. Hepding, Nalarwitunukaftta, 87, 818 (1080). 

H. Dam, J. Giavind and P. Katrar, Bth. CMm. Ado, 88, 284 (1040). 

*■ M. TMder. L. P. Mater and N. L. Wandler. 7. Am. C*m. Sat., 68, 2866 (1040). 

•X M. ‘lltUw, L. P. Fttaar and N. 1,. WMkHer, /Otf ., 88« 1082 (1040). 
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Tahr V** 

NAPSTBoguiNOMB OxmtB 


Compound 


BBoetlvo doM In y 

Yitamin Ks cffideW* 


1.2 

2-Methyl-l«4-ittp]itho(iui]io^ oxlde^*** 


6 

2»8-Diinethyl-l«4>ittphthoqttiiioii^ oxlde^^* 


25 

2-Meiliyl<^-ciiioam3d*l,4-iuphtho(iiilii^ oude^** 


150 

2-Pfaytyl-l,4-naphthogttliiQiie oride^*** 


200 

2-Fariie8yl-l,4-iaaphtlioquiiioiie oxide*** ** 


1000 

2J-Dim^yl4,4-iiaphthoqiiiiione oxide** 


Inactiv^ at 1000 

Tabw VI** 

Miscbllanbovs QumONBS 


T 

CoiBpOttlld 


Bffeetive kott in y 

2,3,5-Trimethyl-l,4-beiizoqiimoiie 


Inactive at 1000 

Duroqumone** 


10000 

2,3,5-Trimethyl-6-phytyl-l,4-beiizoqut]ione*** ** 


Inactive at 1000 

ohTocopherylquinone** 


Inactive at 1000 

9-Methyl-perina.phtheiioiie-7** 

2-Methyl-2-phytyl-2^-dihydro-l,4-iiaphthoqttinone*** ** 


Inactive at 1000 

50 

Naphthotocopherdl*** ** 


500 

2«5-Dimethyl-beiuoqiuiioiie (Phlorone)*** ** 


3000 

Table VII** 

Bstbrs and Ethers of Hydroquinonbs 


Compound 


1 Bffcctlvc dOM in y 

Sodium 2-inethyl-l,4-iuphthohydroquinofie diphoq»hate**** *** 

** 0.6 

Sodium 2-metbyl*lr4-]uphtholiydroquiiiooe diimtfate*** *** 


2 

Vitamin K| hydroquinoue diphoq)horic add** 


50 

Sodium 2.id^ethyl*l,4«n^;>htlidiydn»qu^ disulfate** 


500 

Fotasdum Titamin Ki bydroquinone dknilfate** 


Inactive at 500 

Diacetate of 2-methyl4,4-naphthdiydroqttinooe**» ** 


1 

IHbesxoate of 2-mel^yM,4«naplithobydf^ttiiioiie*** ** 


1 

Dimedtoate of 2-methyl*l,4«naphth(diydioquiiioiie*!!!!! ** 


300 

Monoetliyl ether of 2-methyl-14*nB|ditliohydroqtti]ioiie** 


1 

DimtGiyi ether of 2-inethyl*i»4*imphth6hyditNpiiiioo^ 


5 

DibdBxsd ether of 2-methyl-l,4-iii^hthohydroq^iiiioiie^^^ 


7 

Vitamia Ki hydroqtdnone diaoetate** 


2 

VHandn Kt hydroquinoiie diacelate** 


3.2 


9m opp9$i»§ 














specificity 


m 


TablbWI 


AiaNOCOKroDNDS 


Compound 

BSeetIve 
dose in y 

4*Aiitiiio*2-m6thyl-l-iuiphthdL hydrochkdde^* 
4*Amlao-3-methyl-l-iiaphUiol hydrochloride**^ 
S-Msthyl-l-naphthylamine**** *** 

About 1 
About 1 

5 


Table 1X“» 

Hydridbs of Vitamin K and op Mbthyl-naphthoquxnonb 


Compound 

Bffeetive 
dose in y 

5,S-Dihydro-vitamin ^ 

4 ' 

d*7.6,6,73-Hcxahydro-vitamin Ki**** 

1000 

2*Methyl-53-<lihydro- 1 ,4-iiaphthohydroqumone*** 

6 

2-Methyl-5,8,9,10*tetrahydro-l,4-naphthoquinone*** 

8 

2-Methyl-6,6,7,8-tetFahydro-l,4*tu^hthoquinone*” 

600 


L. P. Pie«er. M. TUhler aad W. L. SamiMOfi, /. BtW. C*«m.. 137, 650 (1041). 

L. P. PicMT, M. Tithler mad W. L. S*mpMii. /. Am. CAtftif. Sac., 62, 006, 1628 (1940). 
m M. TSfUttr, L. P. PicMT mad N. L. Wradler, Ibid., 62, 2866 (1040). 

>N L. F. Pkwr, W. P. CMBpbdl. B. M. Frey ftnd M. D. Gates, Ibid., 61, 2550, 3216 (1039). 

J. MadlDavditA, ^naUtt 9oc, MsPmn.fis. 31, 750 (1088). 

««• L. F. FicMT, M. ilMder and W. L. SampMm, BtoL Cham,, 137, 659 (1041). 

»« O. J. Martin and C. F. Lischer, Ibid., 137, 169 (1941). 

L. F. PieMT, M. TieUcr and W. L. Sampson, J. Am. Ckem. Soe., 62, 006, 1628 (1040). 

L. F. Ficser, M. TisUer and N. L. Wendlv, Ibid., 62, 2861 (1940). 
iM M. Tishlcr, L. F. Fieser and N. L. Wendler, Ibid., 62, 2866 (1040). 

M. Titider. L. F. Fieser and N. L. Wendler, Ibid., 62, 1082 (1040). 

M S. Anshaober and B. Fembols, J, Biol. Chem., 131, 399 (1030). 

M H. J. Almquist, Physiol. Rev., 21, 194 (1941). 

L. F. Fieser, M. Tishlcr and W. L. Sampson, Biol. Chtm., 137, 650 (1941). 

>«> L. F. Ficser and B.Jd. Frey. J. Am. Ckem. Soc., 62, 228 (1040). 

>4* R. H. K. Foster, J. Lee and U. V. Solmssen, Ibid., 62, 458 (1940). 

S. Ansbacher, B. PembOls and M. A. DolUver, Proc. Soe. Exptl. Biol. Med., 43, 652 (1940). 
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Table X» 


Methyl-napiithols* Mbtbyl^tstralonbs and Related Compounds 


Compound 

Effective dole in y 

2-Metliyl>l,4-iiapbthohydFoquinone 

0.6 

,2.MethyI-l-iiaplithol»“* “» 

1 

d-MethyM-]iaplith6l*««' 

0.6 

4-Methyl-l-nBphthol*«- 

Inactive at 1000 

l.Mcthyl-2-iiaphthol“»‘ 

Inactive at 1000 

3-Methyl-2-naphtlioPM> 

Inactive at 1000 

l-Naphthoi 

1000 1 

2-Methyl-l-tetraloiie»* 

0.4 

S-Methyl-l-tetralone^* 

1 \ 

jS>Methyl<xiaphthalene 

1000 \ 

12. Determination ^ 

(a) Physical Methods 

Spectroscopic Examination. The vitamins Ki and Ks and 2-methyl- 


1,4-napbthoquinone can be estimated by means of their absorption 
spectra, provided the compounds are essentially free from cither ab- 
sorbing materials and are not present in the reduced hydroquinone form. 
For a description of the spectra see page 485. 

( 6 ) Chemical Methods 

Colorimetric Redox Method.^*** This method involves a cata- 
lytic hydrogenation of the vitamin K-quinone to the hydroquinone stage 
using butanol as the solvent and phenosafranin as the indicator. An 
excess of 2,6-dichlorophenoi-indophenol is added to the reduced material 
in the absence of air. The decrease in color is determined and this deter- 
mination is a measure of the quinone originally x^resent. 

This method is, of course, not very specific since all quinones present 
will give the same reaction. Highly colored solutions cannot be used but, 
afto' reduction, the hydroquinone can be extracted with Claisen’s alkali 
yieldii^ colorless solutions which can then be used in this test. 

4M L. P. Fieacr, M. Tiiihler and W. U. SampHun. J. Biol. Cktm., 137. d&Q (194i;. 

m M. Tishler, L. P. PicMr nnd N. L. Wendler, J. Am. Chtm, Sot., «2. 28A6 (1»44}>. 

Mi M. Tfiliter. L. P. Fi«Mr and W. L. Sarnpum, /Md.. 1881 (1940). 

M> J. L. Finder and J. H. Singer. Analyst, 88, 7 C1040). 

Ml j. V. Scudi. Proc. Am. Physiol. Soe., 1841, 252. 

M« N. R. Trenttrr and P. A. Boelier. /. Biol. Cham., 137, 745 (1041). 
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ftMCtimi Midi Sodium AkohoUtes."*- The natund vitai^tis K 
« {Kiride'Uue color reaction with sodium etbjdate and sodium metlqrlate. 
Tte cokM w unstable and turns into red and finally into laown. Dtumg 
this reacdoh, thd vitamins are degradated to 2-methyl-3-hydnay*i,4' 
naphthoquinone (phthiocol).“» This color reaction is specific for dioae 

1.4- naphdioquinone derivatives which have fi-unsaturated ^e rhaimy in 
the 3-poatbn. Carotenoids, which may hinder the quantitative determi- 
nation of the vitamin, may be removed when the color has reached the 
red-brown stage by extraction with a hydrocarbon solvent. The color 
devdoped from the vitamin K remains in the alcohol phnaA , 

The sendtivity of this color reaction can be by testing the 

2.4- dinitro-phenyl-hydrazones of the vitamins instead of the ftee vita- 
min.*** For this purpose an alcoholic solution of the vitamin (quinone) 
is mixed with a solution of 2,4-dinitro-phenyl-hydrazine in diluted hydro- 
chloric add and is gently heated. A bluish green color is then developed 
with sodium methylate or a green color can be produced with ammonia 
and amyl-alcohol. The colors produced are stable. 

Titanous Chloride Titration.*** Vitamins K as quinones can be re- 
duced quantitativdy to the corresponding hydroquinones by means of 
titanous chloride, the end-point bdt^ shown by the use of an internal 
oxidation-reduction indicator, for example, potassium indigo-disulfonate 
or phenosafranin. The determination is carried out under carbon 
dioxide in alcohol-acetic add solution in the presence of sodium carbonate 
and sodium potassium tartrate (Rochelle salt) in order to prevent the solu- 
tion from becoming too add during the titration. 

Bthyl'-cyaiio-acetate Method.**** *** Vitamin K in alcoholic solution 
containing ammonia is mixed with ethyl-cyano-acetate followed by the 
addition of alkali. A yellow color develops, which is measured in a pho- 
tometer. The same reagent without the addition of alkali gives a violet 
color, which, however, is too unstable to be useful. 

(c) Biological Methods 

There are two important biological methods for the detecminkrion of 
vitamins K. Both of these methods measure in prindple tihe dotting 
power ol b lood. 

■* P. Ximr, aOt. CUm. AOa, 22. 1146 (1929). 

"• H. 7. Alamailt sad A. A. Kkwe, J. Am. Oum. Sot., «1, 1611. 1928 (1929). 

L. P. nowr, W. P. CMVball uid E. M. Prey, Mi., 61. 2206 (19M). 

"■ A. Novtm. SclMM. as. SU (1941). 

"* J. 1.. Plato aad }. H. Stafcr. Awolym, 6S, 7 (1940). 
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1. Spontaneous Blood Clotdng Time Detennination. In the per- 
fected form*^* of this assay procedure, day-old clucks are kept on a vitamin 
K-deficient diet, can beit^ taken to prevent coiuophagy. Within about 
la days severe avitanuno^ develops. The determination of the blood 
dotting time is then carried out by puncturing a wing vein and placing a 
tube containing the blood in a thermostat which is subjected to continuous 
shaking. The clotting time is then defined as the time necessary to form 
a solid clot. While die coagulation time of the blrxid of nrnmal chicks is 
about 4-6 miijutes, the blood of avitaminotic birds may not coagulate for 
several hours. ' The determination of the vitamin K efficacy can be carried 
out according to this method, u»ng either a prophylactic or\a curative 
procedure. The latter is usually more reliable. After oral ingestion of 
the vitamin preparation or after injection of the material to be tested, the 
blood clotting time is determined after six hours'^* or in a momfied pro- 
cedure after 18 hours.*” Avitaminotic birds which have previoWy ^n 
bled may show a decrease in the clotting time upon repeated bleeding 
several hours later without treatment with antihemorrhagic substances*” 
and therefore should nr>t be usefl in actual vitamin K assa 3 rs. 

2. Prothrombin Clotting Time Determination. In this test, the 
actual amount of prothrombin present in blood is determined*”* *” and 
therefore the test is independent of various other factors which mhy affect 
the clotting time. *** In tltt most convenient form of this test*” the ability 
of chicken blood to form dots in a minimum of time is determined. The 
blood is obtained by decapitation or from the carotid artery and is run 
into a tube containing sodium oxalate solution. Thromboplastin is 
prepared fnmi chicken breast muscle*” ch* from rabbit brain, and then a 
oalciMm chhmde solution is added. The time from the addition of the 
calcium chkmde until a firm dot is formed is measured. Blood of normal 
birds dots within 25-410 seconds. 

' Many variations of this procedure have been sujsiested and in practice 
each laboratory uses its own modified technic. A practical impmtant 
motUfication*” is to dilute the blood plasma with an equal amount of 
Riiqier solution and to mix th0 solution with thromboplastin extracts of 

m S. AatlMdMr, 7. .ViririSoii, 17, 30S (1987). 

A. ‘Tb*^. R. W. McKot, S. B. BinkSar, D. W. MMCoMntodda nod B. A. Oabjr. Fiw. Sot 
Bmttt. BM. Mod., Hi, 478 (1989); 41, 194 (1989). 

«• O. ChMM7. CM«. JUrd., 84. 919 (1989). 

m A. J. Qoiek. Am. /. 1H,9W (NST). 

>« A. J. QtOdk, J. But. Chtm., 84, LXXVIII (1940). 

M R. T. tUhtek. F. T. Joyc* sad H. P. SadOb Bnd- Su. Sxftt. BM. Med.. 48. 818 (1989). 

w H. T. AlawaM aad A. A. Xiow, SiadNa. 88. IMS (1988). 

■x H. ftam aad J. Otevhid. Wd.. 88, lOU (1988). 



STANDARDS 


different concentrations in a series of parallel experiments. The concen> 
tratfon which produces Wood dotting in a defined length of time, for 
example, within tiuee minutes, is a measure of the amount of im>thrombia 
jneaent. 

In the curative procedure the effi^ of vitamin K may be determined 
after cme”* or four days. While, as pointed out above, severe bleeding 
may reduce the whole blood dotting time, no aich effect has been ob- 
served on the protimunbin time.*** 

Besides chicks, rabWts have also been recommended for use in this 
assay procedure. A fdiotodectric apparatus has also been devised for 
registering the dotting time.”* 

The symptoms of a vitamin K defidency can be obtained, besides by 
dietary means, by intoxication with chloroform”*’ or with />-toluene- 
diamine.”* 


13. Standards 

No nationally or internationally accepted standard of vitamin K has 
been adopted so far. Both 2-methyl-I,4-naphthoquinone”*' and 2- 
methyl-l,^naphthohydroquinone-diacetate”** have been proposed as 
a reference standard, ance they can be obtained easily in pure form, can 
be characterized by physical constants and are relatively stable. 

The efficacy of various vitamin K preparations has been expressed in 
different units. In the table”* given bdow, these various units are corre- 
lated. The relation of these units to vitamin Ki and to 2-methyl-l,4- 
naphthoquinone is given by the Thayer-Doisy Unit which defines”* the 
activity of 1 mg. of vitamin Ki as 1000 Thayer-Doisy Units. The efficacy 
of 2-methyl-l,4'naphthoquinone is about 3.3 times as great as that of 
vitamin Ki. 


"• A. J. Quick, BM. Oum., IM, 78 (UMO). 

w M. C. BIUoU, B. Itaacc cud A. C. Ivy, Proc. Soc. Bxfll. Biol. Utd., U, 240 (1040). 

»> P. Mcuoicr, H. HinfUil, D. Bovet aud A. Dnylun, Compl. r<md., 210, 484 (IS40). 

K. R. Nycuatd, J. L^. CHh. Ued., 24. 517 (1980). 
w H. P. Snitli, B. D. Warner aod K. M. Briakhoiu, y. N«d., M, 803 (1987). 

■M S. A. Thayer, S. B. Binkley, O. W. MacCorquodale, B. A. OoUy, A. D. Bnaett, R. A. Broun «wl 
O. D. BM, J. Am. Ottm. Sot., «1, 8888 (1988). 
w B. PendMU. S. AnAaeher and H. B. MaePhiUaay, /Hd.. 82. 480 (1940). 

** R. Dam, J. (Uavind and P. Kanw.'irria. CUm. AOd, 28, 834 (1940), 

•” D. T. Bwina J: M. Vaadenbclt aral O. Kaarai, /. BM. Ckein., 181. 848 (198«. 

» S. AnahadMr, iVoe. Am. Sm. C8«m.. im ill. 

“» 8. A. Thayer, 8. b 1 BiaUey, D. W. MneOarqnodale. B. A. Doby, A. D. Bwnett, R. A. 
oxl O. D. Bind, 5 m., SI. 3888 (1988). 
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1 Diaycr-Doity Uaitw « 0.5 Andiacher Unit.** 

- 0.6 niayer Unit (1838).*** 

- 10 Dun Units.*** 

- 0ii6 Duin (1938) Unit.*** 

- 0.625 Dum (1939) Unit*** 

■■ 0.08 ml. Afanquist Reference Standud. 

14. niydology (rf Plants and Microofganisasa 

Plants and many microorganisms produce relatively laige amounts of 
vitamins K. This suggests that this vitamin is needed for the maintenance 
of life, and has actually been found to be a growth factor for Johne’s 
bacillus. *** No information is available which would indicate\the action 
of this compound in plants. 

15. Animal IMiystology 
(o) Metabolism of Vitamins K 

Vitamin K occurs in the intestinal tract from the daily food intake and 
from synthesis by microorganisms in the bowels. Since the natural 
vitamins K are fat-soluble compounds, they are absorbed only in the 
presence of bile salts, ***• *** especially desoxy-cholic add.*** Xl*us, in 
rats with bile fistula, vitamin K deficiency occurs even when large doses 
are given orally unless bile salts are administered simultaneously. Besides 
the presence of sufiident amounts of bile, normal digestion of fats and 
apparently also a proper functioning of the liver*** are necessary for vitamin 
K abs(»ption. Intestinal lesions interfere with vitamin K absorption. 
The feedit^ of high doses of mineral oil together with vitamin K prohibits 
the normal absorption.*** This effect is not noted when the vitamin is 
injected. Vitamins K are generally active upon parenteral injection. 
Water-soluble forms of vitamin E are absorbed from the intestinal tract 

m S. AailMteliar, Prat. Sot. UxpU. BM. Mtd., 44, S48 (1«40). 

>« s. A. T1»]W, O. W. MacComuodale, R. W. McKee end K. A. Deixy, J. Biol. Ckem., US, CXX 
(IMS). 

H. Dam and J. Olavtiid, 2. Vitaminforsck.t 9p7i (1989). 

iw P. P. Dana. Am. JU Physiol., 123, 4B (1988). 

m p. p. Damie Proc. Soe. Bxptl. BM. Med., 41 , 688 (1989)r 

M 0. W. Woalley and J. R. McC^artcr, Ibid., 48, 857 (1940). 

0. Gmvat and C. L. A. Schmidt, Ibid., 37, 48 (1937). 

He R. Butt, Am. J. DiMesHm IHseoses NulriHom, 6, 127 (1989). H. R. Butt, A. M. SimII and A. B. 
OMcrbarg, Proc. Staff Meetims Mayo Clinie, U, 74 <19Sg). 

w C L. A. Schmidt. PaeijU Coast Med., 5, 7 (1988). 

» R. h. Clark, C. F. 0ixoa, H. It. Butt aad A^ M. Snell, Proc, Staff MceHugs Mayo CUmie, 14» 407 
(1989). 

M If. C. Blfiott, B. laaaca and A. C. Ivy, Proc. Soc. EapU. BM. Med,, 43, 840 (1940). 
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evoi in the absoiGe of bile 8 alts»»- •» and aie eqjedaBy naeful for intm- 
venoos injections. 

Vitatnina. K ilxe found only in vety small amounts in blood (aj^arenify 
cml^ during tunes oi tnmsport) but in somewhat larger amounts, in livers. 
The animal organism has no storage organs for this vitamin 

and metabolises this compound fairly rapidly. The medianism td tW* 
metabolism is unknown. No vitamin K is excreted through the ifid*** y»** 
but conaderable amounts are found in feces, mainly due to the bacterial 
syntheris in the intestinal tract. 

Vitamin K is secreted in small but definite amounts in twilb and 
There is appaxentty a special mechanism which regulates the passage of 
this vitamin through the placenta. It has generally been observed that 
pr^inant womert just prior to parturition have an increased need for vita- 
nun K. The newborn infantusually has a riight K-hypovitaminosis, which 
can be overcome by feeding vitamin K to the infant or by giving it to the 
mother before ddivety. Better results are usually obtuned by mster^ 
suhninistration than by pving vitamin K after birth.** 


(b) Physiolofflcai Action 0/ Vitamins K 

Vitamins K are necessary for the maintenance of normal blood coagula- 
tion. Acccuding to the classical theory** two different phases are involved 
in this process. of coagulation. The end-effect, whidi ' constitutes the 
second phase of the total process, is the transformation of fibrinogen, a 
protein dissolved in the blood plasma, into fibrin, a solid and essentially- 
insoluble protein derivative. This predintation reaction is carried out by 
a postulated ettS3nne, the thrombin. All experimental evidences point 
to the actual existence of this compound. Thrombin does not occur in 
the blood, since otherwise the blood would not be liquid. But the pre- 
cursor of thromiun, namdy, prothrombin, is present in plasma. The 
first phase of the blood coagulation, therefore, is the conversion of pro- 
thrombin into thrombin. This process involves the action of another 
etuyme, thromboplastin (or thrombokinase) in the presence of calcium 
ions. White the latter are present in tdood plasma, thromlx^lastin is a 
normal oeU constituent, but not a Mood constituoit. 

"> B. D. W*raw. K. M. BriaklMMw aod U. f. SaOtk, Froc. Sot. Bxtlt. BM. Uti., M. SOT (1»M). 

•• S. r. SaMi Md C. A. Ohm, /. BUL Cktm., Mfc TSS (1«40). 

** H. Daai, A. Odtw, J. Glavtad, P. XUnnr, W. Xiwtw, B. aoUwAOddad BC. 8 « l a Ki a. Bri». CMW* 

Aeto. 31. 310 <}«»). 

•* H. J. AtaMndtt Mid B. L. a. SMbted. J. NtUrOhm, tl, SS» (1«M). 

t. B. S b tt i M , S- Mil aad L. X. HritaM*. Artl. /o»im BptUiu BMp., fS, 41» (IMS). 

*»0. Mmi— wbi, S. ghsM. Orn^Utm OSBS). P.lAiMdtt,S«N*»M.£, M^SS(UKW). 
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ProtimmiMn ^ TfcromWn (I) 

PibiiiioKeti '*^**^“" , Fibrin (2) 

During vitamra K deficiency only the prothrombin ccmoentration is 
altered, that is, reduced.*' Vi tamin K, however, is not identical with 
prothromlHn mnce this vitamin does not cause blood coagulation in vUro.*^ 
Vitamin K,** apparently, is also not a constituent of prothrombin, rinoe 
prothrombin frwtions exert practically no vitamin K actmn*". Since, 
however, vitamin K influences the prot^mbin concentration it is assumed 
that vitamin K is involved in the prothrombin formation. Ths Athens 
is iqiparently accompfished in the liver, **• ** rince partial extnpation of 
the liver marke^y reduces the prothronilMn level in blood*'' > *'n and rince 
symptoms of a vitamin K deficiency even in the prestoce oflnormally 
adequate amounts of this vitamin have been observed frequently in cases 
of liver damnges sudi as cirrhosis, hepatitis, atrophy and caranoma.*'* 
In all these cases the protiuombin concentration cotdd not be influenced 
by vitamin K when given orally or injected intravenouriy or intra- 
muscularly. That a special mechanism for the formation of prothrombia 
actually exists is furthermore suggested by the fact that excessive 
feeding of vitamins K will not cause the prothrombin to rise above a certain 
level.*'* I 

The mechanism of the vitamin K action is unknown. It has been sug- 
gested*'* that the quitmne structure of the vitamin takes part in an oxida- 
tion-reduction system involving the oxidation of SH-groups to — S — S- 
linkages. The hypothesis has been advanced*'* that the formation of the 
blood clot also involves an oxidation of SH-groups of fibrinogen to — S — S- 
groups in fibrin. 

•» B. Daw, Nturt, US, SSt (tSU). P. Seh^nheydar, itU., US, S9S (IMS). H. Dam. F. SchWi- 
bifStr aad B. Tate-Banaea. BMttm. SO, 107S (IMS). P. Sch^Bheydar, IhU., SD, 890 (19M). 

"* B. Daw, J. OlariwI, L. Lawit awi B. Tafa-Hanaca, Skand. Artk. Pkysiot., Tt, Ml (1SS8). 

"• C. L. A. SehwUt, PaeOfe Caaat Mti., S, 7 (IMS), 
w A. Mt. SaaU, /. Aw. Jfad. Aaaaa.. tta, 14S7 (10S9). 

>u W. D. Aadrua, J. W. Laid aad R. A. MaaN, Sarfary, d, 889 (1089). 

•u B. D. Waaw, /. Badtf. Jfad., 89, Ml (1088). 

n< p. U. Aggalar, S. V. Lada aad L. Oaidwaa, PVac. BM. Jtad., 48, 689 (1940). W. D. 

Aadrat aad J. W. Lard. /. Aat. Jdad. A»m., 114, 1886 (1940). H. R. Batt, A. M. Saan. A. B. (lattrban 
aad J. L. BdUawa, Prat. W UttUnt* Uaa» CUmU, IS, 69 (1940). P. J. PdUa aad J. X. Stawart. 
/. CUn. /awadiada^ 19. 868 (1940). a B. ScMaa. X. II. BriaMiaal, X. D. IKaatr, B. P. Sadth 
iwd J. B. S, Am. Jlad. Awar., 1)8, 18N (1989). 

»4 A. I. Qakk, Pw. Am. Sm. BM. Claw.. 84, LXXVtil (1940). 

»• P. Swahaiw and M. L. C. naraiaiw. /. BM. Claw.. 184, 467 (1940). 
ri J.-P. BaaMAaraar; fret. Aai. PkgaM. Set., tfd, IS. 
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16. HypovitainiDoriB Slid 

In vitamin K defif^cy the prothrombia content of blood is mariwdity 
decreased and tin tdood dotting time is considerably protonged. The 
princ^le sysqitam during times of vitiunin K defidency is, besides a pn>- 
lot^ bleeding time, the occurrence of temcmhages. In diidn siib* 
cutaneous and intramuscular hemorrhi^ occur on the head, nedc, breast, 
abdomen, bade, vings and legs.’*’ In man, hetnmorrhagic syndronMS 
caused by a vitamin K deficiency are frequently observed in w inhmt 
during the first few days of life, when an extremely low juiotfarombin 
oonoentratiott generally is obsoved which lasts until a normal intestiiud 
flora has been develop by the ingestion of food,***' ***’ but tiwy 
niay also occur in adults.*** Low prothrombin levels are furthermore 
generally observed in humans when the absorption of the vitamin is im- 
paired, such as in cases of obstructive jaundice,**** ***■ *** sprue,*** luliary 
fistula,***' *** and ulcerative colitis. Hemoplulia and thrombopenia’, 
however, are not due to vitamin K defidency and cannot be influenced by 
the administration of this vitamin.***- ***■ **' 


(a) CHnical Test Methods 

n 

1. Blaadiag Time Detennination. A stab is made in the tip of a 
finger and the amount of tme which it takes to stop the bleeding is ob- 
served. In order to obtain measurable figures it has been si^;ested that 
the blood be absorbed every 15 seconds on a piece oi filter paper. The 
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bk>od drops idiould tiecome eontinitally smaller. The {deeding noniia% 
8t(^ after 1~3 minutes. Continued bteeding may lie due to many causes 
sudi as defidency in vitamins C or K> hemophilia, etc. 

2. Coagolatfam Than Detenninatfam. About 1 cc. of fresh blood is 
drawn in a tube contaimng thromboplastin. The tube is Shaken and the 
dotting time is observed. The ^tmuination is carried out with the blood 
of a normal person as a control. This test*** has been recommdided*** as 
a “bednde” method smoe it is easy to carry out and is very reliable. 

3. Pnthnnaitin Time Determination. This method has already 

been described among the methods used for the determination m vitamin 
K and has been most successfully used clinically in various modifica- 
tions.***' ***• **• *•* Various micromethods have been workm out*” 
which require only one drop of Uood. \ 

4. Two-Stage Determination of Prothrombin. In this tern*** the 

blood is first mixed with a sodium oxalate solution and is centrifuged. The 
plasma is thni defitmnated by adding thromlnn. The remaining fluid 
contains the prothromlnn which is completely converted into thromlnn 
1^ mixing various dilutions with exactly defined solutions of saline, calcium 
tons and thromiMplastin. A specified amount of fitmnogen is then added 
and the amount of thrombitt previously formed is measured l>y determi- 
nation of the dotting time. i 

5. Swum Vdume Teat*** The volume of the blood serum, ad- 
justed to the red cell count decreases during early stt^ies vitamin K 
tqrpovitaminosis and its determination in conjunction with an examination 
of tile blood dot for friability has been daimed to serve as an indication 
of danger of bleeding. 

17. Hypervitalhiaoaia 

The naturally occurring vitamins and Ks are non-toxic, even wdun 
given in excessive doses.*** Thus, in .name no lethal ^ect could be pro- 

<HH. P. Siritli, s. B.XWani, C. A. Owta f. BaSamii. J. Am. MU Ame., ltS.3S0(lSS»): 
S. S. ZUtm, C. A. OmAp G. R. Hnttmmk P. Soitli, Proe, Soc, BxpU. BUA. M§d., 40, SM <1099)- 

m H. R, Butt toad A. U. S«ell. Vitamin K, 1041. 

A. J. Qtikk, M. Studey-Browii «wt P. W. Buicroft. Afu. J. Med. Sot., 100, JMII (1985). 

A. Otsifllc, Am. /. aimMk.i |0. 288 (1040). 

*>X. a. Magath, Am. fMk. (Tech. Soppl.), 1. 187 (ISSA). 

m A. J. Onkk, fnt. Spt. AM. MU. 7IS (19W). W. E. Stay Mui a K. KcUy, Am. J. 
CHu. PM., 19, is* O.M..KetyadW.f.any,J.JM.Ctiii..MU,2S,iaif(im). K.KaM, 

Am. J. CUM. PM., 10, 147 <1B401. 

•a B, D.,WacMr. X. M. BftakStmn awtU. P. SmiUk, Am. J. PhysM., 114, 607 (IMS). 

a* a. P. a«pn mat M, it. U^MHSca, Orttam MU..!lMrt. J., 01, S67 (IMO). 

■•a. AMtaaMr, Pro*. Am; 5w. AM. Ok*M., 1040. ttl. 
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dticed with doses as high as 25 g. of vitamin Ki per kilogram of bo(fy 
wwght«‘ (studies on man"*). The easily available substitutes 2-methyl- 
1,4-naphthoqOinone and the 2-methyl-l,4-naphthohydioquinooe, how- 
evw, show cUSfinite toxic symptoms**** *♦« when fed to dogs, rabbits or 
humans in excessive amounts. Vomiting and porphyrinuria and occa- 
Monally albuminuria have been observed when 180 mg. of these 
was given orally to humans or when 30-60 mg. per kilogram body wwght 
was fed to dogs. In rabbits, excess feeding of 2-methyl-l,4-naphtho- 
quinone has been noted to cause a prolongation of the blood-dotting tiw, 
which amounts to an effect which is contrary to that obtained by feeding 
normal doses of vitamin K.** In mice, small quantities of 2-methyl-] ,4- 
naphtboquinone and, amilarly, also phthiocol, cause a drop in the eryth- 
rocyte count and hemoglobin, while quantities from 0.2 to 0.5 g. per 
kilogram body weight cause death.**' 

0 

18. Requirements 

Vitamins K are required by all animals experimentally investigated, 
such as the chide, dude, goose, canary, pigeon,*** turkey,*** rat,***- **• 
rabbit,**® mouse,*®' dog*®* and man.*** The actual amount of this vitamin 
required by diflerent spedes is unknown. In human therapy amounts 
varying from 1 to 10 mg. of 2-methyl-l,4-naphthoquinone have been 
recommended.*®* In general, pregnant and lactating women need m- 
creased amounts of this vitamin in order to protect the newborn from 
hypovitaminosis. (See also page 614.) 

Vitamins K are not required by most microorganisms, such as yeast, 
fungi and mosb bacteria, but seem necessary for growth of Johne’s 
bacillus.*®® 
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** H. Daai, F. Sdidaliejrder and L. Bioekem. J., 31, 22 (1037). 
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VITAMIN P 


1. NomendAture and Survey 

Neiiitt: 

Vitamin P.*’ • 

Citrin.'’ • 

Permeability Titamm. 


Compoaitioii: 

Vitamin P is the name given to a crude extract whidi contains besides other lAyilo- 
logically active compounds the ducosides eriodictin and hesperidin which yield upon 
hydrolysis eriodktydl and hesperitin. 

2. Chronology 

1036 A*mbhtak6. Bsnt8Ath» BArbs. RusanrAK and Ssbmt-GyOroyi*’ * reported the 
occufreOce of a substance, other than vitamin C. which controls hemorrhages in 
tnatt. The active material was identified as a flavanone. 

1030 SCAEBomotJCH* presented evidence from experiments on humu subjects whidi 
established the existence of a factor decreasing capillary fragility. 


3, Occturenco 


The distributioif of vitamin P in nature has not been investigated for a 

large number of foods. It has been shown*- » tiiat to vitamin is present 

in citrus fruits, such as lemon, orange and grapefruit. The Skin of these 
fruits is generally richer than the juice from the pulp. Lemon jito con- 
tains more vitamin P than does orange juice and to in turn confoina more 

than grapefrtttt juice. Vitamin P is also found in the juice of other plan^ 
such as pa prilra, and is believed to be widely distributed over the entire 


plant ^ , 

It has not been possiWe to demonstrate the presence of vitamin P (e«o* 
dictyid or hesperitin) in materials, such as milk, liver or kidney. • 

I L. Afowstead. A. Bdmaitli. T, 8«m«wl I. wS ^ 

■ A. I. aiuMyrihaad A. MS» WS UOTw. 

» a, SearbonNigh. BMKnfc J*. ih 1400 < 1 W 0 >* ^ 

♦ 1. Rtmmik Asd A, Bawl-GrMnris ‘ 

• A. Siprt.Of«m»l, A. 

U.aabatiM».Ar, Vitamit^seh,,%tT UW-mh 
’ W. Htemilic, IMA. dMO). 
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Vitamin P a|q)ears to occur in plants predominaatl 3 r in the form gluco- 

sldes.* 


4. Iiolatkm 

The isolation of vitamin P is based on its property of bein; precipitated 
by lead salts in neutral solution and by alkali in anhydrous (dcoholic s(du- 
tion. The actual isolation procedure, for example, from lemons, is carried 
out as follows:* The ripe fruit is pressed and the peds are ground and ex- 
tracted with 96% alcohol. By the addition of Ba- and Pb-acetate solutions 
to the combined juice and extracts considerable amounts of impjuities are 
precipitated. The vitamin is then precipitated by neutralizing tie solution 
mth ammonium hydroxide. The precipitate can be purified by i^redpi- 
tation and is then suspended in dcohol to which dilute sulfuric add is 
added. Lead sulfate predpitates, and the vitamin goes into Wution. 
The vitamin is obtained from the alcoholic solution by fractional predpi- 
tation with alkali. The free vitamin is obtained from the alkali salt by 
addification. The procedure is essentially the same for the isolation of 
vitamin P from dried material, but the operations are reversed. After an 
initial alcohol extraction the vitamin is predpitated with alkali, the pre- 
dpitate is dissolved in acetic add and the vitamin is predpitated with lead 
acetate and aihmonium hydroxide. i 

Two final products are obtained: a crystalline material consisting es> 
sentially of hesperidin with some eriodictin,’* and the mother liquor which 
contains mainly eriodictin plus some he^>eridin. The crystalline material 
and the solution apparently contain other physiologically active compo- 
' nents in addition to eriodictin and hesperidin. An efficient method for the 
preparation of absolutely pure eriodictin or he^>eridin has not been worked 
out and a separation has not been accomplished satisfactorily. The crys- 
talline material can be recrystallized from pyridine and water." 

{^ucosides eriodictin and "hesperidin yidd upon hydrolysis with di- 
lute adds eriodictyol and hesperitin. 

5. I^pertiea 

The chemical and physical properties of ^tamin P cannot be stated, 
dnce the chemtstiy is hot definitely established. Concentrates contain 
eriodictin and hesperidin b^des other unknown eompcments. 

« V. SnidBir and A. Snvt-Ojrsixyi. Watuni, tss, 10S7 <tsss>. 

• A. SMot-drarffi X. Okm., ass, US <tSW). 

« V. BroAMr aad A. SMM-OyttsH. wwaira, MS, ISKT tuas). 

an. SMriWwwnli. BMm. J., M. 1400 (tMS). ... 
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IBModtctTol forms ydkm crystals niiich melt at se?** C. Iftese 
crystals are sfnriat^y sdnUe in water, but very soluble in organic sdvents 
in aSadL 

He^Meritinradtsat^'* C. and is readily soluble in water and in mganie 
solvrats. 


6. Conatttotion 


There are probably two glucosides which are vitamins P,"* namely 
ktsperidin, which is hesperitin-i-rhamnosido-d-glucose, and eriodictin, 
wluch is eriodictyol-i-rhamnoside. Indications are that these compounds 
may be active only when the flavanone rings are opened to the correspond- 
mg chakones. In the glucosides the sugar residues are attached to the 
7-podtion. Hesperitin is the 4'-methyl'ether of eriodictyol. The latter 
has the following constitution: 


H 

iC lO 

HO— 

H— A , CH. 


OH 



Eriodictyol 

5,7,3',4'-Tctrahydroxy-flavaiione 


.7. 'Biogenesis 

The metho(| which is used in the plant organism for the S 3 mthea 8 of vita*^ 
min P is not known. Various theories concerning the formation of flava- 
nones in plants have been advanced.** The biogenetic scheme implies a 
syntheas from carbohydrates. Specifically, the flavanones appear to be 
built up from two hexoses and one tiioseiiy means of aldol condensations. 
Cmiiferyl alccAol, a compound which is believed to be a btfilding unit of 
ligmn, may be an intermediate. 

8. I^pedflcity 

Little is known about tint iqpecificity of vitamin P. Bcades the hydro* 
lyawi vitemin conoenbrate containmg eriodictyol and he^eritin, the uatu- 
ndfy oci(mrnng,^«>s!dm bave been diown to be active. 
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9. DetannfaMtfam 

(a) Chemical Mtikods 

There is no chemical method by ehich vitarhin P can be detected. 
This is due maitdy to the fact that tte chemical compontion of vitamin P is 
not known. Certain color reactions for the flavanones, sudi as the ones 
isolated from vitamin P preparations, cannot be accepted as tests for the 
vitamin as hmg as their vitamin xmture is not better defined. 

Antamin P is..said to give a ydlow color with boric add.^* piis oolm: 
reaction may be used tor the determination of flavones in natural i»oducts. 
The flavanones, on the other hand, give no color reaction with boric add. 
Since vitamin P prq>arations contain predominantly flavanonea (eriodic- 
tin and hespetidln), the positive color reaction must be due to some other 
unknown oemstituent. \ 

(b) Biological Methods 

The biological methods recommended for the demonstration of tiie i»es- 
enoe of vitamin P are based on the fact that dining vitamin P defidency the 
capillaiy redstance of experimental animals is diminished. The occurrence 
of hemorrhages (type and number) has also been used as a critemn for 
vitamin P defidenqr, but with less success.**' **> ** Guinea pigs haW been 
used predominantly**'* *'• ** as experimental animals but the rat re- 

sponds equally weU to a vitamin P-defident diet and can be healed by the 
administration of this vitamin.** 

10. Standards 

No standard of vitamin P has been designated. 

# 

11. Phydology of Plants 

The pbydok^cal reason for the ineaence of vitamin P in the plant organ- 
ism is not known. The flavanones may constitute structi^ building 
units. 

oC.W.WIlMn./. Aib.C»«m. 5 Sc.,S 1 .SS(»( 18 SW. _ 

M A. SMat-ors^, z. ehmt. om.. m, m asss). 
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a B. M. laShoatMT, SL C aabbbu, O. I««r aaA W. Btmnr. /. HmHOeti, 19, lU 0940). 

a A. S«awH9 wS K. B. Pm, Z. MyiW. Ckm^ 90, 888 QSSn. 
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It faas been enggested** that vitamin P acts in plants as a detmd^jdiig 
agent and t^ ootaidenble amounts of this agent are held avadable for 
tunaofheddin thefMtaof af^ttconde. This is feasible ance certain other 
bi(dogiGali3r important oompoundi are stored in the plant organism in the 
form inactive i^aooddes and, when needed, the j^uco^des are hydrdyced 
and the biologically active compounds are set free. 

12. Animal niysiology 

Vitamin P (and prcdmUy the glucosides after hydrolyas.in the intes- 
tines) is absorbed the intestinal tract Excess amounts are excreted 
through the urine.**’ ** Vitamm P is also active when given by intra- 
muscular or intravenous injection or through the rectum. The phyaolo^- 
cal action of vitamin P is concerned with the maintenance of normal con- 
ditions in the walls of the small blood vessels and the absence of this vita- 
min causes increased capillaiy fragility and permeability. It has been 
suggested that the action of vitamin P in protecting capillary renstance 
may be due to a detoxifying power.** Tlje action of vitamin P, however, is 
not due to a change in concentration of any of the blood-dotting factors 
such as protltfombin, fibrinogen or platdets. It has been demonstrated, 
cm the other hand, that vitamin P is able to increase the caldum level in 
the blood.** The view has also been express^ thi^t vitamin P nmy ^ «* 
quired for the absorption and retention of ascorbic aeid.*l 
Vitamin P, but afqmnently not the isolated constituents hesperidin and 
eriodictin, causes upon intravenous injection a definite drop in blood pres- 
sure**’ ** as demonstrated on the cat, rabbit, frog and turtle.** 

Vitamin P also promotes growth and cell division in the fertilized ovum 
of sea urchins.** 


13. Avitaminosia 

A state of vitamin P deficiency is known for the guinea pig, rat and for 
the htwnqn organism. In patients suffering fitmi vitamin P deficiency, 

•» I. K. Kiicibuii. /. a*. Mti. \lfoe., US, US (1S«>. 

*4 L. ArflMataii6, B. B. B»ti nd I. Ktin. Wochsthr^ 17, 7^9 (l«8a). 
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» M. fUwMrt, Z, IML, 12. 630 (1086). 
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• L* AmcBtMid* Z* iSi, txpU» MtS., 162, 910 (1087). 

« A. J. Um, C F. hmhrnid, C. H. Tbkaair C. W»w» wd J. 1- Webb, Proe. Am, Soc, 
fieM 1041, 86. ^ 
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cajM^aiy reastance is decreased and vascular penueafaifiiy is increased. 
Tbe diflical t^ptoms contpnse hemofrliagic conditions ci tfae tictn (nutri' 
tional purpura) whidi cannot be cured by vitaininC**'****‘ *!**•■ Vita- 
min P therapy has also been found of value in hemorrliagic conditions of 
otherwise non-spedfic character, such as m cases of tdeeding in the kkhwy 
(nephritis) and in the stomach.** 

14. Requirements 

The exact vitamin P requirement of the human organism is n 
In clinical cases 50-150 mg. of the natural mixture of compounds 
administered. Rats with diminished capUlary reastance have t 
3-4 mg. per day subcutaneously. 

ti L. AniienUii6, A. Beats&tfa. T. B^rct aad I. RmiBydk, DetU. msd. Woehschr.t 62> 182^(19W. 

M H. Saurboroitgh, Bioekim. J., 31s MOO <1980). . ^ 
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» S. Uioi, Klin. Wothsekr., 15. 1516 (1987). 

91 C. T. Dtckcr. MUneh. mid. WcihUkf., 86. 293 (1989). 
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la additioa to the vitamins whidi are identified and vrhich have been dis- 
cussed in the preceding chapters of this monograph, there is an unknown 
of non-identified vitamins. Their existence has, as a general rule, 
postulated since it was found that an animal species kept on a more 
or less purified diet ceased to grow or developed specific diseases which 
be alleviated by the feeding of special foods. As a result, a great 
imtnhitr of unknown vitamins have been claimed. It remains to be,seen 
' how many of these dietary essentials will prove to be separate entities. 
On the other hand, there is the definite posiubifity that future research will 
uncover the existence of other vitamins, the existence of which is unknown 
today. 

1 . Vitamin Bt 

In tiie early work on vitamin Bi from 1911 to 1920, it was noted* that an 
factOT (called vitamin B,*) was necessary in order to cause 
pigeons to gain weight. Vitamin Bj was described by Wi lli a m s and 
Waterman in 1928.* A clearer definition of this vitamin was offered in 
1936 by Carter and O’Brien.* ViUmin B» occurs in liver, yeast, iriude 
grains and It is soluble in water and dilute alcohol and sensitive to 

and nHfali. Vitamin B, is present in the filtrate fraction after ad- 
sorption of an extract on fuller’s earth.* It is possible that vita min B| 
is identical with pantothenic add. 


2. VHafflinB4 


The edstence <rf a spedal factor (or factors) deagnated as vitamin B 4 
idiidi prevents the occurrence of a tjrpical paral 3 reis in rats* and in chicks* 


' a rv««*. Sm. TntMl Uti. an- *• » «»»»>• Ower. an- M, «*• 

(tSU). A. O. Banctt ud L. a McKin. J. BU. Chm., U, (1S17). 
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has been postulated. This factor is present in yeast and in liver. Dried 
grass, wheat gemii pork Inwn and pork kidney are good sources while 
grains are relatively poor sources.* Rats on a \dtamin Brdefidest diet 
show general muscular wetness, spastic gait, swcdlen paws and a ten^c^ 
to »t in a hunched position.* Chicks whidi are d^dent in vitamin B 4 
diow a disturbed gait, a lack of coordination and a tenden<g^ to fall <m their 
side with thdr legs in tension, pulled against the abdomen. It has been 
suggested'* that vitamin B 4 may be identical with a mixture of argimne and 
glydne, since a defidency of these amino-adds causes the occupence of 
symptoms in the chick which resemble closely those observed in vitamin B 4 
defidency. 

3. Vitamin B« 

The term vitamin Be was given in 1930” to a fuller’s earth dua^ fnu:- 
tion from yeast which was shown to be a factor essential for maintaining 
wdgfat in pigeons. Vitamin B* was found to be stable toward heat and 
alkali. Later investigations have shown” that the vitamin B* concen- 
trate contains vitamin Be, which latter compound has wdght-maintaining 
properties for the pigeon, but the effects of which are less pronounced than 
those of the vitamin Be concentrate. The remaining factor is now, called 
vitamin Be. It seems probd>le that vitamin Be is identical with nitotinic 
add” since nicotinic acid exhibits the wdght-maintaining properties of 
vitamin Be and has been isolated from duate fractions.” It has been re- 
ported independently that nicotinic add is required by the pigeon.” 

4. Vitamin B 7 — ^l^tamin 1 

Vitamin B 7 or Vitamin I is a name given to a substance present in rice 
pofidiings, which is soluble in methanol and in ethyl alcohol. In the ab- 
sence of this factor, pigeons devdop digestive disturbances.” 

5. Vitamin Bt — ^Adenylic Add 

It has rqteatedly been suggested” that adeayhc add (or its degradatirm 
product, adenine) mig^t exert vitamin activity utd the tam vitamin Bt 

• ax. KSat, H. a.abd, C. a. SIvAien uid B, B. Hut, J. HuMion, 11, SIS (ISM); U, «SS (ISM). 
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» T. F. Murte and C B. Bdgu, iNA, 81, 8338 (1987). 
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tesbemaas^^edtotiiiBcompoiiiid. Adenine has been dunm to be aceoi^ 
seiy for certaiix stnins of lactic acid bacteria^^ and it has bem H njmiid tliat 
adeiqrScAciil is tile coenjTme of tbe fatty acid dehydiY^ienase.^ lacliiacal 
stndks” on pdlagriBs, adea^c add seemed to increase the effect of nkso* 
tillie add. When 3 to 20 mg. of yeast-adenylic add were injeded intra- 
venoutiy into patients, deq>, involuntary, gas{»ng insiHration, a fluiterii^ 
sensation in the uj^ part of the abdomen and a feeling of fuUness in tile 
head were observed. 


6. Vitamin 

The occurrence of anemia has been observed in chicks as the result ot a 
defidenqr of an unknown member of the vitamin B conqilex.** Ihe 
postulated vitamin is present in Ever but has not been identified. The de- 
cency syndrome comprises a decreased red blood cell count, decreasedper 
cent hemoglobin in the blood and decreased red ceil volume. In addi- 
tion to Showing the symptoms of anemia, young animals deficient in tins 
vitamin grow only slowly. 

7. Vitamin B^ (Anti-Perotis Vitamin) 

Perosis, a d^dency disease characterized by the occurrence of deformed 
legs and known also as hock disease or slipped tendon, has frequently been 
observed in rhinlfs on synthetic diets.** The lower bones in perotic ducks 
ate abiuHinally diort and twisted. Peroas can be heated to a certain 
extent prcqihylactically by manganese** and by choline.** In addition 
there sewn* tott^dst another pmods-preventing compound of organic chemi- 
cal nature.** 


8. VltaminJ** 

Vitamin J, which at times also been called vitamin Cs, iu^i been postu- 

lated as fin antt-pneumonia factor. The existence of sudi a factor has beim 


■I a. a. Maihr, Z. aamr. Chtm., SS, 4W (19S9). 

• K, £ng aad. B. Mqw, Z. Signioi. Ckftii., Mt, ISO (tSW). 

<• T. O. SsM. O. a. BWaoMr ud I.. H. Htibtwid, /. Am. Utd. Asue., 118, SU (U40). 

• A. a Bern* ■>« B. M. Pvratt. Jr. Biol. 188, M7 (1940). 

» A. O. BSotM, K. a. OtNABOtaod a. L.Z«aipatr. OU .. ««, 118 (18S5|. A. O. Ilo|«a,aad C. U 
aHmnboK)r,/.jrWrMiM.S.St(in(». A.O.Hag«a,I..R.Biehwdfoa«ada.F>t(at.rtM:.mirne. 
U (lOUB. 

F. Hcuicr. J. HjArUiim. 14, l&S (1987). 

184,789 ( 1 »« 0 ). ' 

« A. O. atiiti.X.St. UdniSoaa, 8. FUriktod H. U KomaoMr, /. Itmrmn, 81,a« (1841). 

• H. V. Biair, ». 8pd« Md M. MoHBter, Z. Jr«. /lOSrtiloBJ*™***,, 114, STS (1088). 
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postiihted because guinea infected ifilb IH»niiiK)«occi show reniarkaUe 

radsteuoe wben lemon jidoe is aiknimstered. SSnoe it is known that vita* 
nra C is present in lemon juiee and «noe vitamin C is known to detoaufy 
bacteria, tiie power oi asoubic add for protecting guinea ings against 
pteumrmia was ^died experimentally. The effect of ascmbic add was 
loiuid to be conridoably less than that of lemon juice. It was therdoie 
condttded that a special anti^neumonia factOT exists in lemon juice. As a 
further differentiatMm from vitamin C, vitamin J does not occur in paprika 
and in the eye lens. In addition to lemons, it is also found in/ black cur- 
rants, rowanberries and elderbmies. The chemical nature of vitamin J 
is not known. No studies have been publiriied on the use of t^ vitamin 
in man. 

9. Yhamins Li and Lt — ^Lactation Vitamins 

The existence of two diffoent water-soluble vitamins, necessary for the 
onset of normal lactarion, has been postulated.** Vitamin Li is present in 
liver, ahile vitamin Li is present in baker’s yeast. Ndther of these fac- 
tors can replace the other. Much higher amounts of these vitamins are 
apparently necessary to induce the first lactation than are necessary for a 
second litter. The vitamins, seem to be of functional importande in the 
maturation of lactation tissue. 

Evidence fot the existence of a factor essential for lactetion has also been 
presented by another labcnratory.” The factor was found in rice pblirii- 
ings, defatt^ wheat embryo and brewer’s 3reast, but most abundantly in 
liver and in rice bran extracts. 

The tector or factors necessary for lactation appear to be different horn 
an other known vitamins.**' **• *• 


10. VHaininM 

The existence of a vitamin M** has peea portidated, because monke3r8 
l»pt <m h diet stqiposedly cmtaining att rjecognised food factms are known 

» W. Nafcabm, F. fankU rad & Ugrad, 9ei*nc$, ST, 97S-(ISS8)i Sti. Faun Imt. Pkyt. C^m. 

*4,SS0(1SS8); FMc./fHF. dead. ra* 3 w, 14. S (1988). 
a B. SMt. A aw. am., 140. CXXX <1941). 
a w. UaWWn. V. laidni add a SeWm. H, 481 (1940). 

a r. L. Par, W. C LaBfrten aad W. J. pariqr. Fnc. Sot. SopO. SM. Jdod.. 8% 860 (1988). W. C 
UHWtaaW. J. nailv, C.F. aOiAeaaa^ F. Dar,/:UcW. Jrad.,«afS6 (108«. F. L. Par. W. C. 
Tawiltm w: J. PaitiF, J. a WdkSii V. mm /Md.. n, 468 (1940). . H. JraeU aad O. M. Pack, 

.r. rawuww /w ii ww . 46 , sir (wob. ' 
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to wfe twm «neima, C3rtopenia and loss of wdght, oftom accompamed 
okecatkm ol tiw gums aiid diarrhea. Monkeys on a diet dev<Md of tlie 
IK)8tulate<f 'vitamiBMdiein26to lOOda^^ The vitamin is present in 
yeast and in fiver and is therefore probably a member of the vitamin B emn- 
plex. Vitamin M deficiency causes a lowered mkrolnc resistance in the 
gastrointestinal mucosa, and gingivitis and ulcerative colitis result from 
the action <rf pathogenic saprophytes (for example, Bacterium dysetUeriae 
(Flesner), Shtga bactUus, etc.) normally present in the intestines. TTiere 
is a possiWlity” that a nutritional defidency is also an essential etidogical 
factor in human dysentery. 


11. Factor T 

The existence of a fat-soluble factor T has been postulated.*^ The ab- 
sence of this factor causes a decrease in the number of blood pi g H fts 
(thrombo< 7 tosis) in rats and man. Factor T is reported to occur in 
oil and in egg yolks, but not in cod liver oil or olive oil. The 
nature of this compound is not known, but it has been observed that its 
activity is destroyed by ultraviolet irradiation. 

12. Factor B 

Factm U is a growth-promoting substance required by chicks.*** ** 
It is present in yeast, wheat bran, middlings, alfalfa meal and, to a lesser 
extent, in com. factor is insoluble in ether, acetone and isoprof^l 
alcohol, but soluble iii 50 per cent methanol and can be adsorbed on fuller's 
earth and charcqpt. The factor is stable in yeast vdien autoclaved for half 
an hour at pH 1.7 or 11.0, but is destroyed in alfalfa when autoclaved for 
five hours at 120^ C. 


13. Folic Add 

Folic add** (derived from the latin fcUum—isaf) occurs in green leaves 
of many kinds, induding grass. Mushrooms and yeast are good sources. 
It is also present in a number of animal tissues of wMdi fiver and kidney are 
tbc best sources. 


* a. F. UaOiwM, A. L. MdAMi, F. Sftedte Md K. F. Uwer. Aw. /. HSf .. 34, UU (in». BH- 
torU. /. Aw. M*e. Auw., 114, 3160 U041). 

•• B. Sous aM C. mnchbwvor, Aw. /. JKmmw CUUtm. SI. 81 (iUT). JiM. XtadwIUtt.. 146 
tK. P. «61, )S1. ISl, S» <1SS6>; 140 (K. F. VTl SI (1006). 

B. L. a. StokMad aad F. O. V. MaoUaf, J. BM. C**w.. 138, 687 (198»: Stimet, SS. SS (10M>. 
** B. In IL amiatad,.F. O. V. Umiasaad It. B. Bafin, J. BUL Cloak, llSi 468 (1040). 

** H. K. MItrtidn, B, B. SMH and B. J. WlUiaaw. J. Aw. Claw. Saa., 68, 8SS4 (UMU. 
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FoUe ackl bas been isolated from sfnnacb by adsoi^tum on diaarapiU, 
precq^tation witii lead and ^ver salts and din»nat«q;rapbte adsotpttmioin 
fuller’s eartb. Fdic add bas a molecular wdgbt of about SOO, contaitw 
nitrogen but no pbos^duttusOT sulfur, and is acidic in diaracter. 

Folic add stimulates growth of rats and of various bacteria induibng 
Stre^oceecus lacUs R., LadebadUus ddbrUtbii and LaekbaciUuf casH.* 

14. Orowfli Factor for LadaboeMm ca$ei 

Tlie existence of a growth factor for LacfobaciUus easei was demonstrated 
by the same method which was used for the isolation of folic wd (see p^e 
525). The chemical characteristics of the growth factor are, however, 
different from those of folic add. This factor was isdatednhom liver 
by adsorption on norite, followed by elution with ammonium Iredroxide in 
methsinol solution, followed by fractional predpitation with manganese 
salts. The product obtained has the properties of a dinudeotide contain- 
ing a purine and a pyrimidine nudeus. Guanine was isolated bom the 
hydrolyds products. 


15. Grass Juice Factor 

i 

The existence of a spedal factor necessary for optimal growth of rats” 
and of guinea pigs”* **• ** has been postulated, lliis &ctor is present in 
fresh grass” and in its juice” and has therefme been called "grass juice 
factor." Cereal grasses, rye grass, young white dover, peas, pea shdls, 
cabbi^, turnip t<q>s and sjunach are exodhmt sources. Young berries, 
caul^wer, canned peas and beans contain less. Relativdy littie of this 
factor is present in aiq>les, celery, molasses, peanuts, Uunips, lettuce and 
oats.*^ Animal materials, such as liver, contain only small quantities. 
The amoimt {wesent in grass varies with the age of the plant, the maximum 
concentration being present in the growing {dant while the mature and old 
pfamts contiun con^erably less.”* The active material can be preserved 
in fi»ages by careful ensiling. ” Add methods of entiling are superior 


a B. B. Sadi wd W. H. Pcumn. J. Baa., S7S (IMO). 
a B. L. a. StolHtiaU /. BM. Oam., tss, 47S 

> a o. XoUv. & a. BlwdUoa nd B. B. HMt, /. ^aMUaa, 14, U1 (tSST). 

a KoUv, C. A. BlvahjMaod B. B. Hut, Mi., 11.448 (MSS). 
m ii. D. CHaonUdi a A. BoHnoa, ItU,, IS, 188 0489). 

• o. 0. KaUMT. 8. B. aMdU, C. A. Blvdant Md B. B. But, Bna Sec. AOtf. BM. lid., 48, IM 
(1S8». 

<1 8. B. IhMB*, H. A; Sobu ud O. O. BUiMr, /. NcUriUem, 88, 488 U840). 

tt B. C C. A. BhMilcM. W. a. Pttoww aad H. J. HifW, /MA. ia4S7 (1SS8). 
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to otto methods, m^iecislly to the molasses method and the dry metimd. 

The iactoir is destroyed Iqr heat and by Qxidatioa.<i 

The "ftto Juiee factor” appears to be different from all otto 
vi t a min s. It can be imdpitated from grass juice with acetmie and then 
removed from this fnedpitate by means of acidified When grass 

juice is deproteinized with chloroform and alcohol, the factor remains in 
the water phase and can be adsorbed on norite.^' 

The grass juice factor is apparently readily absorbed by experimental 
animals and is secreted into milk.”- « Therefore, the summer milk 
cows contains conaderable amounts of this factor while winter miiir ig prac- 
tically devoid of it. 

In the absence of the grass juice factor, rats and guinea pigs show a de- 
cline in weight and finally die. The rat is less sensitive to a d^ciency than 
the herbivorous guinea pig. In addition to the loss in weight, someieqnta- 
tory trouble ma noted in most cases. The lui^;s show itiflammatinn and 
congestimi and in isolated cases necrotic areas were observed.* 

16. Mouse Factor 

Mice on a sjmthetic diet, but not on stodr diets, have been shown^* 
to devdop sore eyes, uni- or bilateral, diaracterized by swelling and in- 
flammation of the eyelids leading to closure of the eyes and blindness in 
many cases. Simultaneously a dermatitis on the ventral' aspect of the 
neck between the fwd^ and extending almost up to the lower Up, and 
some loss of hair, espedally on the face and neck, occur. Finally the animals 
die. Rats, on the other hand, do not develop this disease when kept on the 
same diet. The symptoms can be cured by normal diet. Aqueous Uver 
extracts and fresh flaked wheat germs are especially potent cures. In 
many cases the symptoms could not be cured completely, suggestii^ that 
the dam^e, if too extennve, fr irreparable. 

17. Anti-PemiciottS Anemia Factor 

Tfa«e is the possitnUty that the p<»tulated “extrinmc factm*,” in the ab- 
sence of wUdi pemkious anemia occtms in man, wDl eventually be found 
to be a vitamm. little is known about this factor. In the presence an 
“inttin^ frmtor” tiie extrinsic factor is wpposedly converted into tin com- 
pound whkfr preveitto the onset of pernicious anemia. The latter com- 

"0.0, UpMm; 3. B. a«Mlh MMl J. a. Wagatr, J. Biot. Clum.. 12a, LV (!•»). 

" c. CHcaam siatMt, at, «4 (iMi). 
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pound is found predominantly in the liver, but the natural distribution of 
the extrinsic factor and its chemical characteristics are unknown. Hus is 
due to the fact that it has been impossible to reproduce the human macro- 
cytic hypochromic anemia in animals. 





THE VTTAGENS 


ESSENTIAL FATTY ACIDS 


1. Nomenclature and Survey 

IfanMi: 

Essential fatty acids. 

Vitamin F.*' • 

Vitamin Fi. 

Ult of known onontial fatty 
Linotek add: CiiHmOi. 

Linolenkacid: CiiHaOt. 

Araehidanicacid: CnHifOi. 

FormtdM: 

Lindkkacid: 

CH,(CH,).CH=CHCH,CH=CH(CH»)tCOOH 

Linolenkacid: 

CHiCH,CH=CHCH,CH^HCH,CH==CH(CH,),COOH 

Arachiddakacid: 

CH,CH=CHCH»CH,CH=CHCH,CHsCH=CHCH,CH,CH=CH(CH,).COH 

2. Chronotogy 

1929 G. Oi Bum and M. M. Buer* showed that the presence of highly unsaturati'd 
acids, such as iindeic and linolenk acid, in the diet is essential for normal growth 
of rats. 

193K Turmimbn* found arachidonk add more potent than any other of the investi- 
gated unsaturated adds and introduced the tentative hypothesis that the body 
itteds tins add primarily. Nunn and SMam.BV-MAcLnAN* established that 
aradiidonic add was deposited in the liver fat when linolek a<^ was fed to rats. 

> H. U. Bmuw, & Uphovskr and B. A. Mnrpiiy, J. BM. Cktm., ISA 4S1 (MM). 

* rhs Couaeil ea Pharawey and Chanditiy at the Anericaa Medical Aaaoeiatioa, Aa ASMtkaa 
Sodety ar SMeciCal Chendita tad the Anwican lutitiite Hi Nutritioa nemanMnd^ *^t the urn 
vHawhi y ihodd not ba mod in ntwifaf to IhMlde at IMeiiic adds, or any huty add or arixtnre et 

tatty •cMs.’f J. Am. iM, Amoc., IIS, 8» (ISM). 

• 0. 0. am* and M. M. Butr, /. BM. Ckem., 02. MS (1«»): IS, SM (1980). 

« 0. taiiMfaMM. NdrMM, 1$. 881 (MS». 

' lo C. A. Khan and t. Sawday-MoeLean, Biatktm. J., 82, 8178 (1988). 
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ESSENTIAL EATTY ACIDS 


3. The Bssratial Fetly Adds as Vitageos 

Much controversy has arisen over the question of whether or not the 
essential fatty^ adds should be classified as vitamins. In view of the defini- 
tion of vitagens, as given on pages 5-6, the essential fatty' adds are vita- 
geos, since they ue needed only in small quantities (0.1% of the food) and 
since they contribute to the mechanism of the transformation of energy, 
but are also building units of the pho^holipides. 

Whtdi of the fatty adds are really essential is not known. / The early 
work was done with linoldc and linolenic adds, both of which are able to 
counteract tin deficiency symptoms, but apparently pdther hf these is 
staUe in the organism. It has, however, bem demonstrated*\that after 
an intake of linoleic or linolenic add, arachidonic add was depoated in the 
liver fats. This may suggest that linoldc and linolenic adds w active 
precursors, whereas arachidonic add is phyaologically the most important 
compound. There are quite a number of other higUy unsaturated fatty 
adds which occur naturally, but thdr vitagen nature has not been investi- 
gated as yet. In the following pages only the adds with known 'vitagen 
character will be discussed. 


4. Occurrence 

The essential fatty acids occur naturally both in plants and in animals. 
For a condderation of their occurrence, each fatty add must be studied 
separatdy. 

I. odd occurs as a glyceride in most drying oils such as cotton- 

seed, poiq>yseed, com* and other oils. In animals, linoldc add is present 
diiefly in liie fatty adds of the phpspholipides and to a lesser extefat in the 
neutral fat. 

Linolmic acid, like linoldc add, occurs as a glyceride in most drying 
dls, sudi as linseed and perilla oils. Linolenic add is usualty absent from 
atumal fats. 

3. Aradiidonic acid occurs predominantly in anmal tissues. It is 
found mainly in the phospholipide fraction as a constituent of ledthin and 
oqdialin,’^ but occurs also as a constituent of neutral fat. This add has 
been isolated bom heart*, spleen,* liver,* adrenal* and brain"’ " fotty 
adds. 


. * T. C. T*]4ar aad }. kf . Ndtos, /. Am. CAn». Sac., 41, ins (USB). 

• r. A. iMvam >ad 1. P. EoU, J. BM. CkcM., U, W7 (U8S); S«,St. M (tSSS). 

• B. Klaak HUi a von Sohaancbadc. Z. OtcM., SOB, ttS (im). 

• P. Ibrtlap. /. m, SAS (ISOS). 

PS. Xkcakanl |. OttWar. Z. plycM. CScm., Ui, SOI (US6). 
u D. Waamt. X BM. Ckm., 4S. 18S (ISSt). 
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5. laolatbm 

Itie is 9 la|;i(ut of the essential fatty adds comprises the isolation of the 
total fatty adds from plant or animal materials followed by the separation 
of the individual fatty adds. 

Plant material is dtber saponified as such or the oil present in plants, 
such as in seeds, is pressed out first, and then saponified. at 

alkaline earth l^droxide is usually used for these saponi^tions. Tht 
adds are usually extracted from the saponification mixture with an ot^ganic 
solvent, linoleic and linolenic adds are separated from the other fatty 
adds by the addition of bromine wherd>y the tetra- and the hexabromide, 
tespectivdy, predpitate. The brominated adds are separated and de- 
brominated by means of zinc and alcohol.. Thus, a mixture of linoleic 
and linolenic adds is obtained which can be separated by means of the dif* 
ferent solubilities of their zinc salts in alcohol. 

Animal materials are dther saponified as such or the total fat is extracted 
or separated into the phospholipides and. true fats. The latter procedure 
is carried out by ddiydrating the material dther by a drying process or, 
better, by means of acetone. The total fatty material is then extracted 
with alcohol, .^efdably at devated temperature and in the pretonce cd 
inert gasa, sudi as nitrogen. After rmnoval of the solvent, the pho^holi* 
pide fraction is predpitated with acetone while the true fats go into solo* 
tion. This diviaon into neutral fats and phoq>holipides is not a quantita- 
tive inocedure, but serves for a gross separation. The fractions are then 
saponified and worked up as described for plant material. Upon bromina- 
tion, the octabromide of arachidonic add is obtained whidt yidds arachi- 
donic add upon debromination. 

The yields of the imsaturated adds obtained by the brominaticHi- 
ddnomination procedure are rather low, but the purity is considered to be 
high, at least in the case of Unoldc and linolenic acub. To a certain ex- 
tent, however, tiiese adds and especially arachidonic add undergo a 
reainu^;ement dl the position of the douUe bonds. 

A ptindpally different method can be used for the isolation of the unsa- 
turated fatty adds, namdy, the direct isdation by fractimal crystallization 
at low tentyerature. The yidds tty this method are hij^ but ^e purity 
the product h not as satisfhctmy. Practically, the phoqdmtide hactioh ia 
used fmr the isdatibn and the jdioi^^tides are convoted into met^- 
ttten tty dhect alodiolyds.^* Fradaonal oystalHintioja is then oan^ 
out at various, low temperatures, for exanqde, oonseentivety at —29*, 

" O. ir. SUiwiMam «tid J, B, Bfoim. OH StmP, 18s 181 (1888). 
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—40^ and —80° C. By this method hnoleic acid has beemobtaitied from 
cottonseed and from com oils in 90-94% purity,^’ linolenic acid from Hn> 
seed and from perilla oils in 85-88% purity^^ and arachidmiic add from 
adrenal phosphatides in 70-75% purity*“ Further purification, for ex- 
ample, of the methyl-arachidonate, can be effected by fractional distilla- 
tion, whereby a product of 95% purity is obtained.** 

6. Properties 

All essential fatty adds have similar solubility characteristic^. They 
are insoluble in water, but, soluble in alkali and in organic solvent 

(!)• linoldc acid: Colorless liquid at room temperature. M. p. 11** C. 

(2) . Linolenic add: Colorless liquid. B. p. 230-232^ C./17 mm. Hg. 

(3) . Aiadiidonic acid: Colorless crystals. M. p. 77** C. 

7. Chenucal Constitutian 

All essential fatty adds are carboxylic adds as evident from the 
formation of various salts, analytical data and the formation of various 
esters. 

1. Linoleic add has the empirical formula CisHttOs and contaihs two 
double bonds as evident from the formation of a tetrabromide and of 
tetrahydroxy-stearic add (sativinic add) upon mild oxidation with per- 
manganate.** Other oxidation products are azelaic add, oxalic add and 
n-caproic add,*^ Upon reduction with hydriodic add and phosphorus, 
stearic add is obtained.^* Linoleic add is, therefore, A-9, I2-octadeca- 
dienoic add: 

CHr(CHi)* CH===CH CH, CH==K:H (CH,)t COOH 

2. Linolenic acid has the emp»rtcai formula CuHaoOs and contains 
three double bonds since upon addition of bromine a hexabromo-deriva- 
tive is formed. Upon reduction stearic add is obtained. Linolenic add 
is therefore a straight chain fatty add.** Oxidation with ozone yields pro- 
{Monalddiyde, malonic-aldehyde-carboxylic add and azelatc^aldehyde- 

JT. B. Bcoim mad G. C. Stmwr, J, Am, Chtm. 59, S (1987). J. B. Brown and J. Fraadtd. lkid.» 

SObSddSSS). 

HG. ir. SIdaowara and J. B. Brown. JMd.. 99, 878* (1988). 

O. V. Sainawara and J, B. BrawU. /. Btof. Ck§m., 184, 881 (1940). 

« a; £. pkysM. Chem., «2, 410 (1909). 

G. h. Goldsbiwt. 89; 828 (1906). 

a WL Pnun. M<matsK 7, 888 (1886). 

M B. Brdnnuin and F. Bedford. i9W., 42, 1824 <1909). 



BlOGSHBSiS SK 

^aftKixjrlic acul. The three double bonds of Unoienic Bcid are, therefore, 
in A*9,1245*;positions according to the formula: 

16 15 13 12 id tf 

CHt [CHilrCOOH 

, 3 . has the empilical formula CiikH«Qi and contains four 

double bonds. An octabromo-amdudonic acid is formed upon bromina'* 
tion. The straight chain structure is established by total hydrogenation 
and comparison with a synthetic n^eicosanic acid.**’ The position of the 
four double bonds has been established by ozonolysis which yielded caproic, 
acetic, succinic, malonic and glutaric acids, acetaldehyde and carbon di- 
oxide. Arachidonic acid, therefore, has been assigned the structure of 
A-5, 8, 11, 14-eicosa-tetrenoic add:*®* 

CHrICHdi [CH - CH *^114 CH, CH, COOH 

An eicosa-tetrenoic add whidh is apparently different from arachidonic 
add, has been isolated from sardine oils. This add has the double bonds 
in 4*1 8**, 12- and 16-positions since upon oxidation sucdnic and butyric 
adds exdusivdy are obtained in s^ost quantitative yields.*^ The 
biological efficacy of this add has not been investigated as yet. 

8. Synthesis 

None of the essential fatty adds has been synthesized. 

« 0, Biogenesis 

The origin and the biogenesis of linoldc add and of linolenic add in plant 
material are largely unknown. It has been speculated that certdn plants 
may contain a dehydrogenation mechanism whereby saturated fatty adds 
are converted into unsaturated fatty adds. However, it is just as probable 
that the unsaturated fatty adds sure obtsuned by total s 3 mtlieris as is the 
case of the saturated fatty adds. 

A better i^f M ght exists ooncmning the biogenesis of arachidonic actd. 
Upon feedii^ of Unoldc or lindenic add to rats, arachidcmic add is de- 
posited in the tissues.** This proves a partial synthesis of this add 


•0. y. SISwiwa «ad J. B. Bnurn. /. BW. Ckm., 881 (1940). 

D. % Dolby, t. C. A. Nunn ood I. 84. 

W. B. Brodft ^ J. S. J. BM. Ckern,, 142, «79 (1942). C, I.. Arcus and 1. Sto«dley^acl.»« 

£ 1 (IM). 

« Y. Toyoan^fnd T. ToocWym. mOL Chtm, So€, Japan, tO, 998 (1985). 

» C. A. «ad.L SoMdl^-MtteLoMi. mo€hm. 18, 2178 (1988). 
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in the oit[aiiiBn oi the rat and indicates that rats are incapabfe td syntheshC' 
ing a precnrsor of arachidoinc add. 

10. Specifldty 

It has already been mentioned that of all the fatty adds investigated, 
onfy linddc, lindenic and arachidonic adds show activity. Beades the 
free adds, the esters are active. The esters of the lower al^hatic alcohols 
have been demcmstrated to be active and it is expected that all esters vduch 
can be l^drolyzed in the organism will prove effective. I 

The r^tive ef^cacy of the active adds, tested as their methimol esters, 
is recorded in the following table showing the symptom efficacy bonding 
to the sldn test and growth test on a comparative basis arbitrarily designat- 
ing the activity of linoleic add in both tests as 1. 


Add 

Sfficuy in 
skin test 

Sfficacy in 
growth test 

Arachidonic acid** 

1 

6 

Lindeic acid 

1 

1 

Lindenic acid 

Vi 

V# 

Docosa*hexaenoic add (CnHtgOs)*^ 

0 

Littlf 

Linusic and isolinusic add 

0 

0 ‘ 


Tetrahydrosy-stearic adds, dioxido-stearic add, 9,10,12-trihydroxy- 
stearic add and chaulmoogric add are inactive. 

11. Determination 

(a) Chemical Methods 

The only known diemical method for the detmnination of the rasential 
fatty adds is the predpitation of their bromine addition compounds affiidt 
has been described on page 533. 

A nutxiber of cdor reactions have been proposed** for the determination 
of the essential fatty adds, which are ba^ jlQ>on reactions of the double 
bonds. Thus, the transfer of hydrogen horn aromatic amines such as p~ 
{dwnykae-diamine dther alone or in the jnesence of fdienols, tot exaaqtk, 
e-cteaol, to the essential fatty adds has been studied. Thecdkasdevdqped 
•diepeeA tqwoi the concentration used and the tin». Initiallya vhdet, tl^ 

w n. M. nmo*. t. C. A. Hnm, I. Smdter-MwUM and K. H. SaSth, aiacAnM. M, STS (tatO). 

M SI; H. Fttowr wid F. A V«a 4c Kami, C*Mi. 5m., taia 4S7. 

»G. Wcfecr cMl P. Bandwtid, Hcto. CMic. AM, SA B8 (1441). 










PBmcHjOor 


£87 

uioEve^^reeil at^ fiaalljr a gray color are obsoved. This reactknt can be 
made ccmsideraldy more senative by the addition of hydrogm peradde. 
Another re^on, winch has been studied, is the addition of kx&e to the 
double bonds. AH these reactums «e, however, not spedfic fm the es> 
sential fatty acids since they are given by other unsaturated but non* 
essen tial fatty adds, by carotenoids, etc. 


( 6 ) Biological Mohods 

(a) 'Hie Rat Growth Method.” This method led to the disoovoy 
of the essential fatty adds and can be used dther prophylacticalty or as a 
curative method and is based on increase in wdght following the feeding of 
the essential fatty adds to young rats vduch have been dq>leted of these 
adds. The depletion of this factor is a very slow process and may take 
many months. 

(b) The Rat SlHn Test” In this curative method, the criterion is 
the hMtling of the characteristic dryness and scurfiness on the dorsal surface 
(rf the hind feet and front of the ankles. Instead of feeding the essentisl 
&tty add preparation, the material may also be applied topically to the 
skin.* 

(c) The Oestrus Cycle Test” Irregular ovulation, observed during 
ogaMitinl fatty add deficiency, has been used for the determination of the 
defidency of these factors, and the restoration of the oestrus cyde toward 
normal has been used for the determination of the presence of the essential 
fatty adds. 

12. Standards 

There is no recognized standard fatty add for comparison of its biological 
effect with that of unknown material. Knee it is dedrable to set up Mch a 
standard reference essential fatty add, it is recommended that aradiido^ 
add be adopted, since all available evidence indicates that tins is the add 
which is produced in the organism from the other known essential adds. 


13. niysiology 


Little is known about the physiology and the mode of action of tiie 
essratial fatty acids. Practically all experimental work has been carried 
out with rats. 


•d. O. Btiir ud U. M. Burr, J. Siol. Ch*m., 82, 34S (W8#): •»* «« (1920). 

” B. M. Hume. C. A. NuBii, I. Stii«dley*MicI*«ii H. H. Stmih, J., 12, 8162 <18881. 

* M. I. Shciilicrd and D. K. Unn. I>ru$ Comitie Ind,, lit 828 (1838). 

» o. Torpitettu /. NulHthit, 15, 881 (1888). 
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BSSBiraiAl. FAXIT ACIDS 


Ltnoleic and lin<deaic ackts and thdr sunple esters are absorbed from tlw 
intestinal tract. Linolenic acid is metaboUzed directly after entering the 
organism and is not stored as sndi unless it is adnunistered in exoesrive 
doses.* Lincdeic add, on the other hand, has been found invatiabty’ in all 
investigated animals and in man in the fatty adds of tiie phosphohindeB 
and to a lesser extent in the neutral fats. The main unsaturated add in the 
phosphoUpides is arachidonic add. The essential fatty adds are held in the 
phosphdipides with extreme tenadty*^ and it takes, therefore, several 
months before a rat is completely depleted of these adds. I 

It is possible that Unoldc and linolenic adds are really precursors of the 
active form. Linolenic add cannot be demonstrated to Ite present in the 
organism although its biological eiiicacy is established. Linoldc and lino* 
lenic adds are converted in the organism into arachidonic add**> r which 
is the most active add known. Besides arachidonic add, other highly un- 
saturated fatty adds such as an add CmHuOi, dihydro-arachidonic add, 
docosa-penta-enoic add, etc., are ssmtherized in tiie body from linoldc 
and linolenic adds. Whether or not some of these act as “essential fatty 
adds’* is not known. 

The mechanism of the action of the essential fatty adds is not quite clear. 
Apparently these adds act in phosphatides and take part in the mechanhrni 
of utiliring fats. It has been suggested** that the 15^ action is to load up 
the connective tissue cells of the fat depots with fats. If only small 
amounts of the essential fatty adds are administered, this effect can be 
demonstrated sq)arately. After the 'depots are filled up with fat and 
additional amounts of the essential fatty adds are offered, growth takes 
{dace. Simultaneously the excesrive fat deposits disappear. 

The essential fatty adds are, however, not only connected with the move- 
ment of fats but also with the utilization fats. It has been shown in 
in m(ro experiments that unsaturated fatty adds catalyze the oxidation of 
saturated firtty adds without bdng affected themsdves. 

From expdiments with fat-starved rats, the condusion was drawn** 
that the essential fatty adds are necessary for the formation of 
new tissue but not.for the maintenance of the ncnmal metabolism of the 
cdl. 


• N. a. am* awl n. s. 1*MI, J. BM. CAm., «, sis (isse). a. JOtnk, Z. CA«m., MS, 2S 
(t9S«. K.B.SBid««idW.it.Bloar,/. aM.C*«iii..«bM6as3S). 

A a. a Siaehit, Bne. Set. Suta. SM. Uei., W, 10S9 (tSSO). 

» W. a. B8l»aaf H. A Ub«8, /. AM. CAmi.. SS.31S (ISM). ». C. BdEMda. lAM., SI, StSdSSS). 
J. M. SiMdab Md K. a. »&•, ttU.. US, SOB (tSS«. 

«• t. C. A. Kum I. SBMAtr-MadMO, BlqcAna. as, SITS aS3«. 

M I. aMOw-MMUn Mtt D. C. A. Kua. fUlA. SA 88« (ISM). 

• I. aMdlw-lfaAwa sad a. M. amw, IM., SI. S90 (1841). 
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14. Defidency ^yadromt 

A defidelhi^ of the essential fatty adds causes a typical dermatosis in 
rats charactatized by general diyness (rf the skih and thinness with 
scurf espedalty on both the fore and hind paws and on the ears and tuL 
The latter may ^>pear to be annulated. It diould be noted that there is 
no edema present as is in the otherwise quite similar synqttoms caused Ity a 
vitamin B« d^dency. In fat defidency. the lacrhnal gian<<s are also af- 
fected and irregular ovulation and lesions of the kidney and of the urinary 
tract occur. Abnormal rqiroduction and deficient lactation have Ven 
observed. In young rata, cessation of increase in length and weight occurs. 
Sexual development is also dela}red. 

Clinical S 3 rmptoins of a defidency of the essential fatty adds in tfiau are 
not known. There are, however, some observations whidi indicate th^ 
in certain eczema, and especially in infantile eczema, favorable rfmjrol 
results can be obtained when oils containing unsaturated fatty adds are 
administer^.** In sudi pathological cases it was found that the fatty 
adds from the blood serum contained a significantly lower concentration 
of unsaturated compounds than those of healthy individuals. By the 
time a dinical' improvement was noticed, the concentratifni of unsatu- 
rated fatty adds had risen to essentially normal levels. 

(a) (Mnicdl Test Methods 

There are no accurate methods for determining a defidency of the 
essential fatty adds.' It has been proposed to assay the actual concen- 
tration of tmsat^ted fatty adds in the serum since it was found that in 
rats,** goats** and dogs** the degree of unsaturation diminished with a 
lowoed intake of the unsaturated fatty adds. These methods, however, 
have not been perfected and do not permit a differentiatioa of the essential 
fatty adds frmn non-essential, nnsatnrated fatty adds. 

15. Reqoiremmito 

The requiremoits of the essential fatty adds tue largdy unknown. In 
rats, a daily intake of about 14 mg. methyl-atadiidcmate produces (^ti- 
mum effects,** but deaeased amounts show less favoraUe rei^pmises. 

V A. S. ibaMn. Pne. Sm. Stt*. BM. UU., SO, 1108 (19SS): 31. 160, 161 (ISSS). t. ConMnt, 
Ank. OntmMk SspUfeL, Sl.SSt (1|M). 

” A. 8. UMWa oU O. O. Burr, Prot. Sot. BM. Utd., SO, 1300, 1301 (1933). 

* B. 8. WS&Mot uid 1.. A. Sbrtttd, J. Dairy Sti„ 19, 383 (1984). 

* A. 8. Hwmv. W. 8. WS*oa «nd ». H. WBtisai, J. BUL Ckorn,, 114, 309 (1986). 

* 8. M. Hoate. L. C. A. Kuaa. 1. SoMdlw-KaiBUn aad H, H. SMtth. MmAmi. 84, SN (1040). . 
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BSSSimAL AMINO-ACIDS 


Amoxig the unino-adds which are aormal constituents of dietary pro* 
teins, ten are essential. Those amino-adds are defined** * as “essential” 
whidi must be present in the diet of young rats, in addition to all other 
energy and buikUng tmit requidtes and the vitamins, to insure optimal 
grow^ Thrit is, these amino-adds cannot be synthedzed in the animal 
organism or at least not at a rate necessary for normal growth. These tor 
amino-acids are:** * lysine, tr3rptophane, histidine, 
dne, isdeudne, threonine, metUonine, valine, arginine. 

A defidency of any one or of all of these ten amino-adds 
inhitntcny effect upon growth. The same amino-adds which are 
for tats are also essential for dogs.* It is reasonable to assume 
are also indispensable for the human body, but no definite 
regarding the special amino-add requirements of man is available. 

Ar^nine holds a somewhat unique position. Rats on an arginine-free diet 
are able to synthesize some of thdr requirements since the animals show a 
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growth of 70-80% in comparison with animpig which • • 

In mice the synthesis of arginine from omitS; hL 

of lal^ng the compounds with deuterium.* Adult dogs can set 

ateijr without an external supply of this amino-add. Chicks, oftl^tte 

hand, must «ly upon dietary arginine* since this amino-add is n^2^ 

a s^rtural building unit of creatine for feather formation. 

vi2f * somewhat non-specific ^ptom for a 

vitai^ or deficiency, specific defidency symptSw are wi 

The fright disease of dogs has. 

«M examine, correlated with inadequate amino-add supply.* 
cfo^Z w^ k“*® ‘ Cataract and ?tL ocidar 

chrag^ have been observed m young rats on a tryptophane-defident diet • 
]^te depnv^ of valine show a disorder of the nervous systep characte^- 
e y to touch and severe lack of coordination in movement** 

^ung clucira fed a <het devoid of arginine and glycine develop a typical 
effects caused by a defidency in methionine see pages 

j , ^ ^Jeofic defidency ^dromes will undoubtedly be 

observed upon further studies. ^ 

The exact requirements of the essential amino-adds for man and various 
a^alspeaes are not known. The minimum amount necessary to sup- 
port normal growth has been determined only for rats." The total amount 

°! amino-adds corresponds to 5.8% of the food consumed with 

t^ollo^g figures for the individual amino-adds: lysine 1.0%, kudne 
n’ftw' 0-7%. valine 0.7%, threonine 0.6%, methiontne 

*****"““ ® tryptophane 0.2% and ar^ 

• a » *«» »•»»)• 

• K. :iP?^:*- *****»**^ »• UU««b«f . /*«.. lU. S27 (1940). 

Q- M. ®- a- »«•. ««. «» (»86>. D. U. HtgMaS, 

• A y*- 9$, SOS (MM). 

• t - ^ “???•*• o*"™*"* *»*• C*«»* >»» «* <»»*»)• 

• w & '• cxxxnr wwi). 

w. G. Mata aik aM (istr). 
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ESSENTIAL CARBOHYDRATES 

In anidogy to the discovery that besides, the energy-bearing and bnikling 
unit supplying compounds of the dass of fats and proteins tiiere are some 
fats and proteins wUch are also protective food constituents and which are 
therefore classi^d as vitagens, ^ere may be specific carbohythates whidi 
are vitagens. Ascorbic add and inoritol are examples of essential carbo- 
hydrates which ture vitamins. Whethm* or not other carbohydrates odst 
whidi are essential food constituents is not known. If carboh3irirates as 
food constituents would be utilized only to supply energy, it should be pos- 
riUe to rqilace all carbohydrates with the exception of the carbah3rdrates 
of vitamin character by some other energy-bearing foods such as fats or 
proteins. This is, however, not the case. The atiimal organism main- 
tains, for example, in the blood, a certain normal glucose concentranon and 
it has been shown that the organism is able to ^thesize a certain amount 
oi Jocose lor this purpose.^ * Animals on a completdy carbohydrate- 
free diet, however, do not survive, apparently because the amount of glu- 
cose syntherized is not sufiident to maintain the necessary carboh 3 rdrate 
concentration in the organism. It is thus possible that dther carbohydrates 
in general or some spedfic carbohydrates may, eventually, be found to be 
essential protective food constituents. 

There is some evidence for the existeni% of an additional growth factor 
of the carbohydrate dass, at least for the growing chick. This growth fac- 
tor was first encountered in rice and has therefore been called “rice factor.” 
This factor is apparently not present in yeast.* It has also been found in 
cartilage and the effect has been shown to be caused by the glucuronic add 
component of chondrdtin.* The effect does not appear to be very specific 
but is also brought about by a number of other carbohydrates, such as 
gum aratac, soefium alginate, gluconic add, galactonic lactone, arabinosc 
and xylose, vriiile sugars like d-ribose and rhamnose are. apparently inac- 
tive.* 


> a. D. Cmmerud O. B. lOitiaiEowtkr. /. BM. Clum., 117, fi4» (1941>. 

*J. B. Cooutt, a. D. CntONT, A. B. Hastiaga. P. W. mempsw, A. K. Sotomoo and B. Vannodaod, 

itu., ur, m (mi). ~~ 

• A. E. SoioauMi, B. Vcaaadaad, P. W. ICIaawwar, J. M. Bac haaaa and A. B. Haatiagi. lUd., Ult, 

m(lMl). 

4 D. W. Bagat^, J. J. Olaaen, C. A. madUem and B. B. Hart. Set., W, m (ISM). B. L. B. 

a(akalad,V. D. V. Manalacand a. B. Rntdra. /Ml., IP, 107 <!««». 

tK. J. Ataqidat, H. L. E. Stokatad, B. MaecU and P. IX V. Miumiaf, J. Md< CAna., IM, SIS 
(1^.. H. J. AlmqdM. B. Maddd, E. L. R. Stokatad and P. |>. V. Maaninc. IMA, tiPdW. 

• B. A. iC Stofatad, H. J. Ataiqniat, R. Mceeki, P. U. V. Maaoiny ■»* K. B. Ragan, ItU.i l». 
STS (1Mb. 



CHOmnS AND NSLATED COMPOITNDS AND TBB itswuifTTAT., 
TKAN8FSRABLE METHYL GROUP 


NHt 


1894 Hofkbistbr^ postulated the transfer of methyl groups in metabolism as the 
lesult bf in vivo formation of methyl selenides and tellurides. 

1917 Thohfsok* conduded that the synthesis of creatine in the animal organism is 
the result of methyl-transfer. 

1932 B]|8t end co-worksers* diowed that in rats the addition of choline or betaine to a 
diet hi|^ in fat prevents the depodtion of excess amounts of fats in the liver. 

1935 Best and co-workers^ presented evidence that choline is an accessoty food factor 
for rats. 

1937 Tucsbr and Ecxstbin* found that methionine exerted an effect on liver fat simi- 
lar to that of choline. 

1939 DU ViGMBAUiMUid co-workers^ observed that the ''essential amino-add*’ methio- 
nine can be' replaced in the diet of rats by homocysteine when choline or betaine 
is dmultaneoudyt and suggested that this effect is due to the anabolic 
formation of methkmine by methyl-transfer. 

1940 Boitaooa: and Dubnofp^ and du Vigkbaud and co-workers^ proved that methyl- 
transfer occurred in the syntheds of creatine in the a n i m al organism, nu 
ViCNBAxm^ expressed the view that the tranderable methid group may be an 
essential dietary constituent 
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> F. HpAMblw. Ardt. «cF«. Path. PiarmM., », 108 U8H). 

• nMVMW. FAyilA. Sl> 8«r a»17). 

' C. B. BMt,' J. M. BMBwr ud it. B. Haatnuui, Am. J. Phytkl., lUt 7 (1M8> ; /. PknkL, 9S, M 

• C. B. fmt, U. B. B. W. MtiBmry andJ.A RUoat. J. P»j>tM., U, SIP USSS). 

•B.F'.Twlar«adB.C.Bdtttiabi,/.M(.C«m.,12l,i7SUMS): USkUrdMa). 
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2. Th« Active Compontids end Their Piopwtlee 

The numba* of naturally occurring compounds which may serve, among 
other purposes, as suppliers of the essential transferable methyl group is 
not known. However, beades choline, methionine and betdne are known 
to act in this c<y>acity, eq>ecially in the absence of the former. 

duritaa. Chdiw is a cotofkas, inscid, strong ailtalinp liquid and is very hygra- 
sooidc. It absoriis carbon dioxide from tbe air and easily forms salts— for example, 
tbe chloride, Ixaate, pkrate, etc. Choline is very soluble in water and idcohol, but 
is insoluble in ether. The salts are white, hy groscopic crystals which ara soluUe in 
water and in alcoiKd. Tbeir aqueous solutions are practically neutral. 

Mathiosiina. M. p. 283* C. under decompodti<^ (Darkening at 278* [a]** ■■ 

—6.87* C. in water. 

Bataina. Betaine forms very hygroscopic crystals which lose their water at 100* C. 
Betaine melts at 293* C. un^ rearrangement into the iiKthyl-ester of o^methyl- 
aminoHnetic add. 


3. Pttiudogical States Caused by a Deficiency of the Active Compounds 

A deficiency of choline, betaine or methionine in the diet of 3roung rats 
or dogs causes the deposition in the liver of fat* and to a lesser extent also 
of cholesterol esters." These are removed or their dqwsition prevented 
when choline or one of the other mentioned compounds is fed. lliese sub- 
stances are called lipotropic factors. At the same time a diffuse nodular 
cirrhosis of the live* occurs and has been observed in rats,^‘’ " dogs,*' 
rabbits **• " and guinea pigs." The deficiency of these impounds further- 
mcne causes hemorrhagic degeneration of the kidneys, characterized by 
symmetrical hemorrhagic necrosis of the cortex."* " An involution 
of the thymus ghmd, an enlargement of the ^leen, a transformation of the 

* C. H. Best, J. M. Hershey end M. B, HunUman, Am. J. Fkysiol., 101, 7 (1932); J. Physiol., 7S, 
M (1982). C. H. Best and M. B, Huntamaa, IHd., 7S, 405 (1932). 

» C. H. Best and J. U. Bldout, /. Physiol., 7S, 415 (1933); 24, 7P (1935). A. V. Stiesser. 1. Me- 
Qnatiie and J. A. Anderson, Proc. Soe. Bx^. Biol. Mod., 33, 595 (1930). H. P. Himswortli, Ado Mod. 
Seohd., Bnpflsmaat 90. 15$ (198$). 

^ fi. rnnmbtgg, U. S. Pob. HoaUk Sorvieo Pmh. MoaUh Ropts., 5S, 534 (1940). H. Blumberg and 
a. O. Grady, Proe. Am. Sec. BM. Chom., Af»ril, 1941. H, Blumberg and B. V. McCoHnm, Sdonoo, 93. 
59$ (1941). a. D. LilUe, F. 8. Daft and W. H. Sebrell, Pub. HeoUh Rtp., 56, 1255 (1941). F. a 
Daft, W. BE. Sebrell and R. D. LflUe, Proc. Soc. BxpU. BiiA. Mod., 4$, 228 (1941). 

» P. GyOfiy and H. Gddblatt. Proc. Soc. ExpU. Biol. Mod., 46. 492 (1941). P. GyOrgy, B. C. Pottag 
and a. Coldblatt, Ibid. 47. 41 (1941). 

I. L. Chalkoir and C. L. Connor, Ibid., 43. 688 (1940). 

u A. R. Rkh and J. D. Hanilton, BuU. Johns Mopkins Hosp., 66. 125 (1940). 

M. A. SpdUberg and R. W. Keeton. Am* J* Mod. Sci., 300. 68$ (1940). 

6 W. a. Griffith and N. J. Wade, J. Bid. Chom., Ut. 567 (1939) ; 132. $27 (1940). 

n W. a. Griffith, J. Mulntion, 21. 291 (1941). W. H. Griffith and D. J. MitUocd, J. Am. Chom* Soc., 
6i»989(194G^ 

» P* QyOrgy and R. B. Bekhardt, Biochom. J., 34g 114$ (1840). 

tt t. Raneaod 1r. atdrinnnw.J, BM.C*isik. 114^456(1940^ 
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I]nnph nodes to hemolymph nodes, and in more sev^e cases lienioiiiui|!es 
in the eye haye been observed These compounds are also necessary 
for normal growth and lactation of the rat.^^ In the nursing young rat a 
fiacdd paralysis of the hind leg occurs.*^ ** In albino rats a rustiness of 
the fur has been observed as the result of a diet low in choline. 

In chicks, choline deficiency causes decreased or discontirued egg pro- 
duction, increased mortality and abortion of egg yolks. In turkeys and 
in chicks choline deficiency is characterized by perosis and by dow 
growth.*®* **• ^ 

Choline deficiency is also manifested by high non-protein nitrogen in 
the blood.** Prolonged deficiency causes a loss of the ability of the liver 
to store glycogen and to excrete dye.** 


4. Specificity Studies 


The naturally occurring suppliers of the transferable methyl group show 
a relatively high specificity. Many proteins are active due to their con- 
tent of methionine or due to the fact that betaine may be formed from some 
of the amino-adds in the protein.** However, the methyl groups of all 
compounds, wlfich have methyl groups attached to quaternary nitrogen 
or sulfur, are not transferable. In order to be avdlable for transmethyla- 
tion, the methyl group must be bound on spedfic molecules. Thus in 
choline the hydroxyl group must be free or in a readily available form, since 
the ethers are inactive. *^ Choline salts, such as choline-chloride, and betaine- 
aldehyde are active. *\ On the other hand, the nitrogen of choline may be 
replaced by phosphorus*^ without loss of activity. The methyl groups of 
creatine,** S-methyl-cystdne*** *^ or of the betaines from threonine, serine 
or allothreonine*® are not transferable. 


** IC.^i^iiristeiiMii, Proe, Am. Soc. Biol. Chem., 1940, XX. 

** R. W. Bagd Attd W. D. Salmon, J. NmlrUiont 22, 100 (1041). 


n B. Sure, Ibid., 10, 71 (1940). 

*» H. S. Owens. M. Treutman and B. Woods. Sci€nc0, 03, 408 (1041). 

» O. D. AUwti and C. U. DeMastefi, J. Nutrition, 19, 47 (1040). 

» T. H, Jiikaa, J. BM. Chtm., 134, 780 (1040); J. Nutrition, 20. 446 (1040). 

M D. M. Hflfited, R. C. Mills, C. A. Blvehlem and B. B. Hart. J. BM. Chem., 138. 460 (1041). 

» T. H. Jukas, Proc. Soe. MnpU. Bhl. Mtdn 48, 156 (1041). 

* W. H. Ofiftth and D. J. Mnlford. J. Nutritkm, 21, 883 (1041). R. W. Engd and W. D. SalauMi, 
IbUL, 22. 100 (1041). 

* D. L. J. U. Rldout and C. U, Best, Brit. J. Exptl. Putk., 18, 346 (1037). 

* A. W. Beestoo, H. J. Oiaiinon, J. V. Loa^ and H. WilkiBson, Biockom. Jf., 30, 1040 (1088). C. H. 


Bast, R. Oram and J. B. Rldout. /. Pbysidu 88, 837 (1038). 

« A, D. Waka aipd M. S. WsUsh, Profi. Soe. Bupd. Bid. Ued., 39, 7 (1938). 

M V. dll Vtinaaiid, J. P. Chandlsr. M. Celiii and Q. B. Brown. /. Biel. Clmm., 
« 2t J. Cbandmi* M. C. Manlfotd and A. P. Platt, Bioohim, y., 34,868 (1040). 
«« A. D. WUcii, J. Biot. Ckm., 137, 178 (lOliB. 

*B.S.OMMaadD. B. liehdtla, IM., Ill, 108 (1940). 
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Choline derivatives which contain alkyl groups other than the methyl 
group and even the methyMiethyl homolog*^ are unabfe.to support growth 
of rats on a diet containing homocysteine»** but are potent Hpotropic 
agents*’ and prevent the occurrence of hemorrhagic kidneys.*^ Arseno- 
choline» which is active as a lipotropic factor*’* ** and prevents the hemor- 
rhagic kidney condition in rats and perosis in turkeys,** does not transfer 
the methyl group to homocysteine.** 

5. The Phjraiological Action of the Active Con^un^s 

According to the tentative classification of choline as a vitdgen, this 
.substance is utilized in the animal organism as a building unit wd is at 
the same time concerned with the regulation of metabolic processes. 
Choline serves as a building unit in many phosphatides, for exax^ple, in 
lecithins and in sphingomyelins. Choline is present in the phospholipides 
of practically all cells. In addition, choline regulates the turnover of fat** 
and of phospholipides,** for example, in the liver, and has for that reason 
often been classified as a vitamin.*’ In the absence of choline, fat is de- 
posited in the liver, but this deposition is removed when choline becomes 
available. A dietary deficiency of choline becomes apparent frojn dis- 
turbances of the fat metabolism in spite of the presence in the body of very 
large amounts of choline-containing phospholipides.** In addition to these 
functions, choline is utilized in the animal organism after acetylation as a 
blood {H-essure-lowering substance. The process of producing acetylcholine 
is intimately connected with nerve impulses and special enzyme systems 
are readily available in the organism to acetylate choline when needed and 
to hydrolyze the active acetyl-compound to the free choline which is 
relativdy incapable of influencing the blood pressure. 

Choline can synthesized to a limited extent in the animal organism. 
This is apparent, for example, fn>m the fact that deuterium-containing 
choline can be isolated after feeding methionine, the sulfur-bound methyl 
group of which contained deuterium.** Choline synthesis is furthermore 
indicated by the fact that the choline content of rats on choline-free diets 

« V. dtt Vigtitaud. I. P. Chandler. A. W. Moyer and O. M.lteppd. /. A»o(. Ch$m„ ISl, 57 <1S99). 

« H. J. Channon and J. A. B. Smith, Biochtm. 50, 116 (1986). H. J. Channon, A. P. PlaU and 
J. A. B. Smith. Ibid., 31, 1736 (1936), 

«.A. D. Weleh. Proe. Soc. EatpA. BM. Mtd., 35, 107 (1936). C. H. Beit and J. H. RSdont. Cen. 

Asfoi. 39, 183 (1938). 

» Sea ^ review by C. H. Best and J. H. Ridmit. Ann, JUt. Bioch 0 m„ 9, 349 (1989). 

41 1. pei1ma9 end 1. 1*. Chaifcoff. J. Biol. C/um., 127, 311 (1938); 129, 785 (1939); ISO, 593 (1939). 
. n K Oythyy and K. beldblatt. Sxp^ Mod., 72, 1 (1940). C. G. XSagf Ann. Ret. Bhdkom., 8. 
371 (1989). H. C. Sherman, CktmiArp of Pood and IfmrUion, New YefUe. 1941, p. 895. 

** F. X. A^ward. H. J. Oiaemmand B. WBldBemi, Biaehm. 39, 199 (1935). 

«■ V.du VSneaud, P. Ctkaadler, M. Cohn and G. B. Brown, /. MC Chiei., 154, 787 (1949). 
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mcreued with the weight of the animals.** Prefmned dioluie how- 
ever, be sitpfdied to the a nim al for optimal phy aiolog igitl performamse. 
The metlqrl groups attadbed to the quaternary nitrogen aie partly te- 
^Kiasibte for the ph3rsiokigical action of choline. Th^ serve as methylat- 
ii^ agents in anabofo inocesses. f<» example, in the synthens of creatine 
from guanidmo-acetic acid. Choline can be replaced in this reaction by 
o^ compounds with transferable methyl groups (-^-CHi) such as methio- 
nine and betaine. Another physiologically important methylation is the 
s]mtheas of methionine from homocysteine and phnlinp. On the other 
hand, choline can be built up from methionine and ethanol-amine. T h is 
series of reactions is shown in the following scheme: 


CHt 
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^•KHt 
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— » NHr-^— N— CH, 



CH. 



ix>OH 




Gnatiirtino-acetic add Creatine 


action of choline, however, cannot be doe soldy to the available 
metlqd groups. For example, the ethyl-derivatives of chdine cannot 
transfer metigd groups anoe the compounds are devoid of them and dther 
do not tranafor tibe ethyl group or the etlqrl group is inactive. In any 
evmttftheseocBBpouBdsareunabfetosupptwt^nwthofrafoonatdKifitte- 
aidnietldonine-freedietuithei«esenceof homocystdne.** Arsenodiotine 

** R. V. |MMSt.C. A. BMMMaaad W. J. UmS./. BM. CW. UaSTI (IMI). 

« V.dn J. P. ChMMte, A. W. MwwwMi »• M- KWPU.ntf., 131. B7 (ISM). 
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abo is unable to tranter methyl groui».* However, these oompouiids are 
active as lipotropic factors, and they prevent the hemorrhage kklney con- 
dition and the peroas encountered in animals kept on a diet devmd of 
choline. 


6. Requiiementa 

Choline (methiontDe or betaine) is required by all investigiated animals, 
such as the rat, dog, rabbit, guinea pig, chick, turkey, etc. Chcdine is also 
an essential growth factor for bacteria, for example, for the Ptikumococcus 
baciUmP 

Generally, the young, growing organism needs more choline\than the 
adult organism. During lactation the requirements are increase. Rats 
need 10-20 mg. choline per day to prevent the depoation of excessymounts 
of fats in the liver and to maintain the fat deposition at a normal level.* 
The choline requirement of dogs is about 35 mg. per kilogram of 
body weight.* Chicks need about 75 mg. daily.* 

In the absence of choline, the animal organism is able to utilize effectivdy 
methionine or betaine. The efficacy of these compounds is, however, 
somewhat lower than that of choline (estimated efficacy: 30%). , 

« A. D. Weldi. IhU., 137. 173 (1940). 

« L. Kane and Y. Subbaraw, Ibid., 134, 43S (1940). 

«• H. J. Ctaamion, J. V. Loach and G. R. Tristram, Biocktm. J„ 33, 1322 (1938). 

C. Batenmaa and I. L, Chaikoff, J, Biol, Ch§m„ 138» 477 (1941). 

M O. D. Abbott and C. U. I>eMastera. J. Nulrifion, 19, 47 (1940). 
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BSSSNTIAI. OROAHIC SULFUR-COITTAIIIING COMROUNI® 

Hifire IS tlic possbility that organic chemical compounds containing sul* 
fur belong to the dass of protective foods* and diould be dassified as vita- 
gens. Sulfur-contaimng organic compounds act not only as structural 
building units, for example, in hair and nails, but are also of a iv^’fip and 
functional importance for growth and maintenance of life. A defidency of 
sulflqrdtyl-compounds brings about death. Sulfhydryl-compounds ap- 
parently act as activators (and inhibitors) of a number of enzyme systems,* 
probably by virtue of their ability to undergo reverable oxidation to disul- 
fide compounds and reduction to the original sulfhydryl-compounds. They 
act, for example, as activators in the aerobic and anaerobic fermentation 
and in the oxidation of glucose in propionic add bacteria.* In experiments 
with the Atnodta proteus it has been found* that sulfhydryl-conqwuifds 
regulate nudear growth and fission, and in experiments with non-nu- 
deated blue-green algae, a stimulating influence on cell multiplication has 
been observed* 

The demonstration of the physiological significance of sulfhydryl-com- 
pounds is, however, in itself, no proof for their vitagen nature. This rests 
with the demonstration that the organism is unable to synthesize a par- 
ticular sulfur-containing compound which may be essential, such as cys- 
teine or the cysteine-containing glutathione, or any other normal body con- 
stituent of this class. There is actually ample experimental evidence that 
C 3 rstine is synthesized in the organism*'* from methionine.* On the 
other hand, the essential nature of methionine has been established in the 
search for the indispensable amino-adds (see page 540) and its efficacy is 
at least partly due to the available methyl group which acts in transmethyl- 
ations (see page 543). Whether or not the vitagen action of methionine 
involves a partidpation of the sulfur in the molecule is not known. Future 
research must decide whether or not sulfur- or sulfhydryl-compounds be- 
long to the class of vitagens and if the activity is due to the presence of 
the sulfur group, sulfhydryl-group or due to the entire molecule. 

Am<»ig the known vitamins is a sulfur-contdning compound, namdy, 

>W.C.aMt,5«<Mc<,aS,3Ma»87). W.'H.Oriatk/. Ws(riM(Hi,Sl,9»l(lS41). 

* 8m tlMnvicw bjr T. Btnia, BrtA. Bmjmifartck., 4,88 (1838). 

' P. Onl* Md C FiMBasMt, amyimiAfja, 8,33 (1838). 

< C. VomtSa aad H. W. ChalUw, 17. 5. PtA. BtoUk Stnict Pat. HmM KapU.. 4S, 3041 (1830). 
7. Ball. Omem /««., 1. 83 (1840). 

'P. B. Hmb m UI m«I L. WMIp, Gnwtit, 3,437 (1840). 

' W. &.aaM. it)*., IS, 108 (1838). 

’ B. P. BmA m8 A. WUta. /. JNoI. C3MI., 137, 87 (1888). 

* K tttrvM >a« C. 1.. A. SckmMt, lUA. UO^ 87 (1888). 
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BSSBNTUL OKOANIC SULFint-a^ITAlMlNG COMPOUKOS 


vitamin Bi. While vitamin Bt is not a sulfbydryl-compoimd but a sulfide, 
the mechanism of the vitamin action is believed to be due to the ability of 
the vitamin to undergo teverable oxidation-reactions with the intermediary 
formation 'of a ^hsulfide (see pi^ 143). It is also known thkt m this case 
the vitamin action is due to Ibe specific structure of the entire molecule. 






PATENT INDEX 


In tte tdUowing pages United States, British. Qernum and Ftench pif t fn ts 
adth vitamins are iistel They are divided according to subject matter and 
mnnericatty tinder each subject The essential data irf each patent are given, indiiding 
the number of the patent and the country in which it issued (U. S. for United States, 
B. for Great Britain, G.te Germany and F. for France). This is fdnowed by the date 
on wUch the patent was issued. The inventor and the assignment recorded at the date 
of issue ate indicated. A riiort abstracted the daim of the patent follows. 

In addition to patents from the United States. Great Britain, Germany and France, a 
few patents from other countries such as Austria, Australia (Austral.), Belgium (Bd^, 
Ca n a d a (Can.), Denmaric (Den.), Japan (J«».), Norway (Norw.), Rusaa (Russ.), 
Sweden (Swed.) and Switzerland (Swiss) are mentioned because of thdr outstanding 
interest 

Abbreviations have heen used for a number of industrial organizations. 

Ciba stands for Chemical Industries of Basd 
DdPont stands for B. I. du Pont de Nemours & Co. 

Glaxo stands for Glaxo Laboratories, Ltd. 
miger stands for Adam Hilger, Ltd. 

I.C.I. stands for Imperial Chemical Industries 
I. G. stands for Interessen Gemeinschaft der Farben- 
industrie 

Pfizer stands for Charles Pfizer & Co., Inc. 

Squibb stands for B. R. Squibb & Son 
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VITAiaNS: GENERAL 


Patbnt No. 

DATS 

Patsntbs 

Abstkact 

U.S. 883.174 

Mw.Sl.lMS 

P. a Otvidwm ud W. F. 
Bnm 

1 B^Ftnetf from hops ssd yesitt by 
•teMBiiis under premufe fdttooed 
by preHing to fepaiite the oen^ 
dented liquid extract. ' 

U.aiAEtTOS 

July 10, 1923 

D. Chidlow 

Preterving the vitnmin content d 
cereeli by besting to 132^ C. 

U.au74.7« 

Nov. 20. 1923 

0.a WaM 

Breed enridied with ell vitemiot of 
neturel origin. 

IT. a 1.47»,4U 

JM. 1,1834 

N. MiahiiMfs 

Seperetion of vitemlns of whole 
grain. oeoUng of tbe iterehy ex- 
tracted mettrial, edditUm ol tbe 
vitnmin extract to tbe cooked ex- 
trected meteriel end df:d»8* 

tT<ai,«r»Aitt 

jaa. 1.1SM 

G.B«K«i« 

Yenit mixture ea vitearin Ibod* 

0.a}4MA»i 

Urn. 41894 

J.R.Bog 

Vitemin eliiir In iriae from yeeit or 
yeeit foo**ftpt**^**f- 

u.aiABt,a7i 

Jaa. 91, 1884 

T. j. Aim 

£63 

Vitemitt-contniniag Ibod by fernms^ 
tetion of yciit. 
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PATENT INDEX 


PATBKT No. 
V. & 1.48M1S 

U. & 1.802, 86S 

V. 8. 1,826.032 

V. a 1,816,306 
V. a IJMJM 


V. a 1,S414HS 


v.ai,88ai76 
B. 242.645 


V. a 1.662.540 
B. 268,704 

p. 611.760 

U. a 1.668.106 

V. a 1,674.776 
U, a 1 . 680,102 


u. a 1.600.887 
u. a 1.624,164 
U. a 1.688,711 


u.aiiiO(^ooi 

B. 280,708 

O. 646.268 

F. 666,700 

XI. a 1,708,014 
V. a 1.722.176 
u, a 10746,667 
H. a 1,768.681 
maU66B?4 


Apdl 1,1024 
July 22. 1024 

Feb. 10. 1026 

May 10, 1026 
Jitac 0,1025 


Jttae 0,1026 


1. P. Hanie 
W. P. Heath 


a. Wlll8UtteraiidH.8obetka 
I. F. Banii 


C. Hoffman, B. D. Origeby 
and N. M. Gregor 


Vitamifi extract from yeaat. 

Preserving vitamins to bread by 
working in an atmosphere of COt. 

Vitamttt-eotttaining food by mixing 
■teep water with yeast foUosred by 
evaporatioB. 

Yeast lidi in vitamins. 

Vitamin preparatloiis^ espedaOjr 
water-sotnble viti are pro- 
served fromde i by admin* 

tore with non-hyg s sogafs. 

Vitamin-eontaimng food Ingredi* 
eats from riee polishingt, wheat 
hran or cereel germ by tcoddng or 
by proteolytic easy matie action fdt* 
lowed by saeehatiffcatioB by malt 


Sept. 1,1025 
Nov. 8, 1026 


Sept. 8. 1026 
Oct. 6.1026 
Oct. 11. 102M 

Jan. 6; 1026 


Mar. 2,1026 
June 16. 1026 


Jane 20. 1026 


B. L. Eicher 


O. Stiner, A. Haoswiith and 
A. Oams 


Froducdott of nntiient materials 
rich in vitamins by mixing yeast 
with concentrated extracts of ger^ 
minated cereals. 

Charcoal tablets containing medi- 
ctnals and fish oils. 


Vitamin malt preparation. 


R. Willst&tter and H. Sobotka Yeast preparation rich in vitamins. 


T. C. Manchester 


April 12. 1027 M. Wiackcl 


June 38, 1027 


Oct 80,1026 
April 80. 1027 
May 1,1028 
April 27. 1028 

April 0. 1020 


R. BL Prince 

Asa. to Vitamin Food Co. 


J.K. Marcus 


B. J>mm 

Ass. to Bffis-Fostcr Co. 


Jidy 28. 1020 W. a Bowen 

Feb. 11, 1080 W. 1. Step 

April 8, 1080 R. B. Piinee 

Am. to Vitamin Food Co, 

April 20, 1080 J. Tokamino, I Teanuniaa 
and K FnJito i 

Am. to Takahrina FenOwnt 

Co. 


Preservation of the vitamin content 
of ndlk by tiq^ladag the air in re- 
ceptadM eontaininf the milk with 
an inert gas cnch as COs. 

Addition of yeast to ekcem to in- 
crease Its vitamin content. 

Vitamin preparation from fer- 
mented skim milk and yeasL 

P toc eM for sealing vitamins A and 
D from eod liver oil into a mixtare 
of sre^ or other vegetable products 
with a gum solution. 

Separation of vitamins A, D and B, 
along with unsapoidflal^ matMr 
from oils by saponification and an- 
traction with ctitylcnc dichicrida. 

Inoorporatloa of dried yeast Into 
peanut buttor* 

Spray desiecatioa for amterihl cno- 
talaing iritaadns. 

P rs pa dirion of 
tomato iidee. 


Badoerine gland i wh c t a nC M are 
Mined wltii vitnada p iep a i nti MM , 

Vitasda product from p fcp a g n te d 
luadL Mfik as ai^crgiaae. 
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Patbmt No. Datb PAnums 

IvmifTim awacdt 

Am. to O. B. Cooker Co. 


U.ai»775^ 

U.afUiiM* 

1S.M8 

U.ai.T7a«67 

tJ.aiUiMao 

lasss 

B. JS6.W 
B. 274.051 

U. a 1,795.027 

V. a 1.545,812 
u: a 1.918,083 

XJ. a 1.881,077 
a 258.555 
O. 488.228 


aept.15.1080 I aa.MilMefMtO.BeiiIr 

Jtiir 25. 1982 
fkfiL 15. 1910 

Jidr 12, 1982 
Aof. 19, 1025 
Julr a 1926 

Mar. 10, 1981 H. laeoveeeo 

Ah. to Health Products 


Feb. 15, 1032 R. H. Piiiioe 
Julr 18, 1983 Am. to Vl>Foods Co. 

lOBO 7.1082 L.A.Agopiaa 
Sept. 24. 1925 
a«pt.85. 1928 


U. a 1379.752 Sept. 27. 1982 F. W. Nitardr 
Am. to Squibb 

U. 8. 1.886.981 Nov. 8.1932 B. R. Alesaader 

Ah. to Vitauutt Co. of Aaer. 


gfapalor prod* 
uets feoH eod liver oil. pMst or ear 
beaa aieal aad pataifia* 

Preparetioo of vo petabla eatraoM 
fich ia vitaadas bp nliiaf the 
JttioM of vigetablM oontabdat vita- 
Bdas aad preservatives, addiag acid 
fluterial eiul headas the adature to 
eceomplish hydiblriis. 


ProeeM of Isolatiiig Upolds bp see- 
teas cxtrectiou. 

Vitaoiia eoaoeatrate fron a blead 
of diflereat vegetables. 

Vitaada coaceatrate brom fraits or 
vegetabiM bp predpitatiiai sHth a 
Pb- or Ca-sait foUowed hp estipc- 
tioB of the precipitate. 

YltoBda-eoatalalBg tablets are pro- 
vided with a eoatiag eoataiaiag aa 
aatioxidaBt sueh as hpdroquiaoae. 

Miaiog of vitaadas with dtros fruit 


U. a 1395390 Fab: 7,1933 B. Komai 
P. a 1395320 Feb. 7,1088 

V. a 1395.521 Fab. 7.1988 

U. a 1318,515 Jaaa 1,1088 C. Sduaitt 
a 817354 Map 25, 1928 
F. 555,181 Jana 2,1828 


U. 8. 1319.m Jalp 25. 1988 W. Rropp, F. Laage aad A. 


Oct. 28, 1928 Bohac 


U. a 1,929,785 


U. a 1,942.948 


Am. to Wiatbrop 

A.B. Mepar 

Ass. to Chappd Brothers 

C. F.Sdinabel 


U.ai354357 Jalp 2.1984 L.B.An^ , 

Ml Ass. to Vitaaua Food Co. 

P.a 1,588311 

U. a 1,955355 JMp 8,1984 C. L. Pattersoa 
Ual,9rS,lM I Oot A.B.O.Non«o 


U. a 1 JSkJSO Dae. la 1984 C. L. Barthea 

B. SubStiUM *ii,*oHW»h C» 

P. mMU ]«M <.M>S 

0.aAn«*l 

o.a.tjMMTB j)HLai,uw 


Vitania-ooBtaiaing food product 
from wheat gena. 

Vitaada extract from cotton seeds. 


Stable aqueous sotutions of fat sol- 
uble vitasnias bp using water- 
soluble aiaidM of lower fattp acids 
as solvents for the vstoadns. 

Isolatioa of choadroitia compounds 
firom cartilage. 

poaltrp-faed rich ia viUadas from 

grass. 

OrmittlM of dried pcast Impregnated 
with a vitaada A-eoataiaiag oil aad 
parafSa. 

Vitanda-coataiaiag foodstuS from 
adlk and pcast. 

Bxtractiea of water-eolttble vita- 
adas bp dilula adds aad addition of 
a sdliataaee sditbla ia arid solutiaa 
which praripitatM upon aautnlii^ 
tioa aad caiviM the vitaadas ia the 
pradpitata. 

Couatercurreat aittactioa of viU- 
adas foam aa aqiwous alkaBae soap. 

PartablaaMmcptuifordrpii^ aaip- 
tabla amttar srhiia prassrviag the 
vitamin coatcat 
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8se 


Patbmt No. 

Date 

Patbntbb 

AnsTnACT 

V, & 1.909.788 

April 80. 1986 

B. Schinierer 

Am. to Baker Perkins Co. 

Apparatus for estraetiaf vitamln- 
contaiaiag juices from fruits and 
vegetables in a vacuum. 

U. 8. 2,006,700 

July 2, 1986 

G. C. Supplee. G. B. Flanigan 
and R. C. Bender 

Ast. to The Borden Co. 

Method for separating vitamins 
from cnseln. 

U. S. 2.017.042 

Oct. 22. 1036 

S. Botcharsky 

Am. to S. Teitelbaum 

Pat-soluble vitamins are obtained 
from animal or vegetable material 
by plasmolysis. followed by extrac- 
tion. t 

U. S. 2.041.PM 

May 19. 1036 

W. L. Pleisher 

Vitamin-containing oompounds are 
injected into fieshlsfl baked prod- 
ucts. such as bread. \ 

U. S. 2,041.129 

May 10. 1036 

C. Hoffman 

Ass. to Ward Baking Co. 

Cereal food is enriched in vitamins 
by adding natural vitnudn-oontain- 
ing ingredients ^o douu. 

U. S. 2.062.218 

Aug. 25. 1986 

C. Dickens 

Vitamin product by emeentrating 
milk. ' 

U. a 2.052.219 

Aug. 26. 1936 

C. Dickens 

Vitamin concentrate from aspara- 
gus. 

U. S. 2.060.889 

Nov. 10. 1936 

A. K. Wigelsworth 

Apparatus for drying organic ma- 
terials while preserving their vita- 
min content. 

U. a 2.066.332 

Dec. 22. 1936 

G. W. Kirby and C. N. Frey 
Ass. to Standard Bran4s 

Vitamin product from yeast. 

U. a 2.072.402 

Mar. 2. 1037 

B. Kretschmer 

Ass. to Krause Medico 

Vitamin-containing foo^ product 
from unripe apples. 

U. a 2.128.846 

Aug. 30. 1088 

R. P. Myers and S. M. Weis> 
berg 

Ass. to Sealtest System Labo* 
ratories 

Whey is fermented with a lactose- 
fermenting microorganism to pro- 
duee a product rich in vitamins. 

U. a 2.128.946 

Sept. 6. 1938 

M. B. Katsman 

Tetraphosphates of aliphatic hy- 
droxy-compounds are used to reta^ 
rancidification of vitamin-contain- 
ing preparations. 

U. a 2.132.666 

Oct. 11. 1938 

A. R. Smith 

Am. to Combustion Engineer- | 
ing Co. 

Plash drying of raateridls contain- 
ing vitamins 

U. a 2.133362 

Oct. 18. 1938 

C. P. Schnabel 

Am. to American Dairies 

Vitamin concentrate from graM 
juices. 

U. a 2.141.466 

Dec. 27. 1938 

C. Waixmann 

\n^tamin products from yeast and 
vegetable matecial. 

U. a 2.146344 

Jan. 31. 1989 

P. Draisbach 

Am. to Hall Laboratories 

Vitamin in oil-water emulsioas. us- 
ing nn alkali metaphosphate as the 
emulsifying agent. 

U. a 2.161.644 

Mar. 21. 1989 

H. C. Stephens 

Am. to Natural Food Prod- 
ucts 

Deaemtion of fruit juicM to pra- 
shrve the vitamin content. 

U. a 2.167.766 

May 9. 1989 

C. G. Harrd and A. W. Und- 
ert 

Ass. to Pillabufy Flomr Mitts 
Co. 

Addition of an oil soliible dya to 
vitamin pnpatntioina to fncUttata 
the degree of mixiof ariHi other feed. 

V. a 8.167444 

July 26. 1088 

R. W. Barton and W. M. Cox 
Am. to Mead Johnson 

Vitamin emulaioiis eontaiaiitg gly- 
ocTot* a moncHOleie add aster of di» 
glyoBrol and sucroac. 
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Patbht No. 

Datb 

Patbmtsb 

Abstract 

U. 8. 2.170,520 

Attg. 22, 1989 

J. A. Raynolds 

Am. to Atlantic Coast Fish- 
eries Co. 

Griatine capsules for vtiamin-bcar- 
ing liquids. 

U. S. 2.188.053 
B. 489,070 

B. 490,001 

m 

§§§ 

H. F. Taylor 

Am. to Atlantic Coast Fish- 
eries Co. 

Incorporation of vitamins in gela- 
tine droplets. 

U. S. 2.186.282 

Jan. 9,1940 

W. W. Cowgill 

Apparatus for drying vitamin con- 
taining foods in 6tm form. 

U. S. 2,188,319 

Jan. 30. 1940 

G. F. Siemers 

Am. to McKesson & Robbins 
and to Vital 

Composition of vitamin A with an 
adsorbate of vitamins Bi and Bs. 

U. S. 2.189.438 

Feb. 6. 1940 

L H. Smith and C. P. Schna- 
bel 

Ass. to American Dairies 

Vitamin-containing fodder by mix 
ing dried greens with a milk prod- 
uct. 

U. S. 2.194,672 

Mar. 26. 1940 

C. M. Porter, L. V. Porter and 
E. Hurlock 

Pood product rich in vitamins from 
lactobacillus cultures. 

U. S. 2.105.595 

April 2, 1940 

P. W. Nitardy 

Am. to Squibb 

Stabilisation of fatty materials con- # 
taitting vitamins by the addition of 
an anti-acid substance such as MgO 

U. S. 2,195.596 
U. S. 2,206,113 

April 2. 1940 
July 2, 1940 

F. W. Nitardy 

Am. to Squibb 

Vitamin tablets containing Ca- 
gluconate or Ca-phosphate. 

U. S. 2,197,095 
B. 458.899 

B. 478.506 

K. 797.654 

April 16, 1940 
Dec. 16, 1936 
Oct. 14. 1987 
May I. 1936 

B. Cuenod 

Am. to Soc. d'dtudes et appli- 
cations industrielles 

Addition of vitamins to milk prepa- 
rations. 

U. S. 2,206.819 

July 2, 1940 

F. Qeitx 

Addition of vitamins to ground cof- 
fee by a spray proceM. 

U S. 2,236.517 

April 1. 1941 

F. J. Cahn and B. K. Harris 
Ass. to Hmulsol Co. 

BmulsiBcatson of vitamins with s 
reaction product of an anhydride of 
a carboxylic add ester of a hydroxy- 
polycarboxylic add and^a partial 
ether or ester of an aliphatic poly- 
hydroxy-componnd. 

B. 195.843 

April 5.V928 

P. M. Travis and C. Glaban 

Vitamin-containing milk by addi- 
tion of fish oils, mslt extracts and 
yeast. 

B. 199,043 

June 11, 1928 

P. Farup 

Addition of alcohol to 6sh oils. 
Also addition of plant extracts. 

B. 217.282 

G. 434,158 

Mar. 5. 1923 
Sept. 20, 1926 

Kellogg Co. 

Vitamin extracts i^om bran» milk or 
other sources are added to dough or 
bread preparations. 

B. 222.073 

Sept. 17. 1928 

J. Schmidt 

Vitamin-Gontsinittg matcrisls, such 
as yeast, ere added to products 
simBar to malt extracts. 

B. 225,252 

May 28, 1923 

Fleitchmann Corp. 

Addition of vitamins tp yenst nutri- 
ent solutions. 

B. 226.549 

Dtee, 21, 1923 

Mdlemeuro Paeisk 

Vitamin prsparations arc added to 
cheese. 

B. 237,242 

July 16, 1924 

O. Mustad and SOn 

Margarine and other edible fatty 
materials are mixed with sttbstanecf 
rich In vitamins in the presence of 
an inert gas. 

» 249,746 

2- 436387 

P. 604,077 

April 6. 1986 
Feb. 21, 1928 
April 8. 1926 

P, M. W. Orelck 

Vitamin-containittg food firom 
malted grain. 
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PAKKT INDBX 


Ka DATS 

b! mim Itfly 1.192ft 


B. 271,626 July 20, 1027 


B. 280,212 May 17. 1928 


B. 208,786 April 11. 1027 


B. 2974»6 Dae. 14. 1027 


B. 816,840 Jaa. 10. 1028 


B. 820,860 July 2. 1028 


826,742 July 25. 1920 
482,404 Jima 18, 1921 

328,942 Fab. 4. 1020 
363,028 8afA.ll,]080 

666,848 
Add. 


89,881 

Sept. 8,1030 

840,660 

8604»8 

881,088 

Nov. 24. 1028 
Jea. 23, 1981 
Sept. 2.1020 

348J088 

670,168 

Nov. 18, 1020 
Nov. 14, 1020 

846,674 

610,778 

606.910 

Juae 16, 1029 
Jnae 16. 1020 
April 16. 1080 

360,684 

May 14, 1030 

867.782 

698.027 

600,744 

618.800 

688484 

808«876 

Sept. 18, 1989 
lea. 8.1986 
Kb. 22. 1026 
Oct. 81. 1086 
Fds 8,1986 
Oct 0.1086 
July 4,1086 

mm 

mm 

utm 

Doc. 0.1881 
July 0.1080 
Jtdy 7,1887 




F.K.Padc 


B. 


8. OrOasbifaaater 
FIscbafHoUiaidiad Co. 


Vltaada Food Co. 


J. B. Nyrop 


AstimApr 


iMO K O M L 01 VIVMBIBt lO VC¥Cnk|PMii 

AJao ultraviolak tight hnsdiatien of 
barcragai. 

Vltaisi&-eoiitaliiifig tablets Iron 
dtiad vagaUblas or fndti. 

P r oce ii of trausferfing vitamUii by 
astractiag the vitamiss Iron vita- 
iain«coBtaiiiittg material and addiag 
the sabatanee to ba vitaadiiiaad to 
the sidittioa oontainittg the astrmct. 


Dried yeast and eoa liver oil are 
mixed with a gnm ana dried to form 
aa air-asdttdiai ao^ag on the 
partides. \ 

Produetion of ' vitamm-eoataiaing 
powders, snitabla for\ addiag to 
margarine, by spray-d^ag amul- 
sioas eoBtainiag cream or sUmmod 


W. KoUath aad H. Magistris Vitamia extract by predpitatioa 

Ass. to L. W. Oans AO. and adsorptions. 

J. Koradt Vitamlo solntioas lh>m pleat Joicm 

ate treated with an add Ca salt to 
resBova oxalic add. 

Van Den Bcrgh's Margafiaa> Incorporation of emulaidns of vtu> 

Gas. mins into margarine. 

Metro Gee. Vitamins are extracted from root- 

lets of gmia from malt honsss. 


J. Korsdt 


VaaHoutan A Boon 


AdiUtioa of vitamins to chocolate 
aad cocoa. 


AB.O. Korblnaad A Astra Bxtractioa of water-sdubla vita< 
Apotekamas Kaadsha Fa» mias by diluted adds, pradpita> 
bdekcr tioas and extractions 

U. Bfinch, H. Spehr aad C. B. Pr ese r vation of vitamins in dried 
Bander fruits by the additioa of adds end 

Ass. to Brlnch and Spehr salts prior to the drying. 


Ass. to Brlnch and Spehr 
B. Maybury 

M. Vaa de Sandt 


Food seaeoaiags and sauces coo* 
tabdug vitaadns. 

Addition of vitaadas to beer. 


Metro Oes. 


JfSUQSnMB VK wKmmmmm 1 


H.Vaade8eadt 







viTAiam: cbmbkal 


PATSirr No. 


PATUMtan 

AnSTKACT 

B. 

B. 

B. 

B. 

G. 

M.S16 

M7.068 

307*909 

303.919 

079.309 

Get. 19. 1929 

Nov. 29. 1929 
Dtc. 8.1929 
JmtL 30. 1930 
Jam 24. 1938 

L. Bemardiai 

H. KrOnig 

Aii. to F. Lux 

Fat- and water^solubie vitandas 
from germs and cereals are added to 
food products. 

Enrichment of vitamins in beer by 
the addition of opened yeast. 

B. 

F. 

7o»,4as 

Dec. 28. 1980 
Aug. 6. 1981 

W. W. Trigg. 

Am. to Tropical Vitamin Co. 

Vitamin products from citrus fruits, 
liver oils, wheat germ oils, etc. 

B. 

870.926 

April 6. 1932 

J. E. Nyrop 

Vitjsmin-containing feed for ani- 
mals. 

B. 

378.399 

MMr.24. 1931 

L. W. Mapnm. J. T. Mac- 
Curdy. H. O. Nolan and Cam* 
bio Products Ltd. 

Edible vitamin-containing food 
products by autolysis or fermenta- 
tion of animal or plant material. 

B. 

890.907 

July 27. 1933 

A. R. Jahn 

Muttiide-effect evaporator for the 
concentration of vitamins. 

B. 

418.214 

Oct. 8. 1934 

Salsterol Lab. 

Aqueous vitamin concentrate from 
raw fresh plant timue. 

B. 

420.998 

Mur. 26, 1985 

I. O. 

Emulsions of fat-soluble vitamins in 
oil with water and an emulsifsrlng 
agent, such as gelatin, gum arable, 
yolk of egg. etc. 

B. 

404.528 

Oct. 2. 1986 1 

A. Nyrop 

Vitamin extract from pulped raw 
material by treatment with steam 
under pressure. 

B. 

409.467 

Jan. 8, 1987 

Nyegaard A Co. 

Vitamins are incorporated in COi- 
evrivtng compounds containing 
substances of add reaction. 

B. 

006.092 

May 23. 1939 

I. G. 

Manufacture of edible glycerides to 
which vitamins may be added. 

G. 

362.367 

\>ct. 27. 1922 

T. Hamburger 

Dry vitamin preparation from plant 
juices and caldum-lactate. 

G. 

392,442 

Mar. 21. 1884 

Bayer 

Food product from plasmoliaed 
yeast and calcium-phosphate. 

G. 

470.030 

Jan. 3. 1929 

M. Winkel 

Vitamin-containing yoghurt. 

G. 

488.394 

Aug. 12. 1925 

H. Aman 

Extraction of vitamins and inositol- 
phosphoric acid. 

G. 

'489.186 

May 13. 1026 

O. Rcinke 

Vitamin extract from asparagus. 

G. 

492.281 

Feb. 20, 1930 

J. Wolf 

Extraction of vitamins from 6sh 
livers by acidic solveats. ' 

G. 

499.884 

Aug. 1. 1925 

Aktienfabrik s. Rrxeugung 
von Chemikatien 

la the preparation of vitamin ex- 
tracts. the starting material is 
plasmdlyxed IdUnifed by saccharM- 
cation. ^ 

G. 

004.816 

June 27. 1922 

Diamalt A. G. 

Vitamin prodnets from yeast. 

O. 

500.356 

Aug. 18. 1930 

P. Grube 

Vitamin-containing food product 
from the berries of Snrbus aueu> 
parse. 

G. 

51L.993 

Mar. 28. 1939 

H. Jena and J. Jena 

Addition of vitamin-containing fruit 
juices %o ebaein. 

G. 

516420 

Jri^ 29, 1«I7 

R. Neugebauer 

Food rich in vitais^s from germi 
cetnals. 

G. 

521.126 

Aug. 80. 1826 

Knoll. A. O. 

Purifiention of vitantins by frac- 
tional diffusion nr dialysis. 





SeO rATBNT 1N0»X 


Patent No, [ 

Datb 

PATENTaim 

AnaTNACT 

C. 

^ fi8S.250 

Feb. 12,1030 

A. Keddi 

A vitamin extract from barley to be 
added to dou^h. 

G. 

582.621 

Mar. 20, 1027 

H. Netaow & Co. 

Vitamin preparationt from irradi* 
ated yeast are added to margarine. 

G. 

637.067 

May 19, 1928 

Bnoesia, S. A. 

An aqueous vitamin extract from 
cotton seeds is added to milk and 
milk products. 

G. 

549.804 

Feb. 26. 1980 

1 

H. Van de Sandt 

Stabilisation of beverages to whkb 
vitanuns have been added by ad- 
justing the pH to anout 4. 

G. 

661.686 

Apni 12. 1927 

Vitamin Pood Co. 

Bird food rich in 1 vitamins from 
yeast, cod liver oil and gum. 

G. 

565.001 

At>ri1 22. 1981 

A. Hdlacber 

Vitamin product ay fermenting 
vegetable material containing vita- 
mins with yeast. \ 

G. 

G. 

G. 

575.546 

677.622 

631.182 

April 18. 1933 
May 11. 1033 
June 15. 1036 

H. Van de Sandt 

Vitamin-containing b<W. 

O, 

Add. 

G. 

581.143 

to 

561.725 

July 21. 1933 

H. KrOnig 

Beer is enriched in vitamin content 
by adding disintegrated yeast be- 
fore the end of the fermentation. 

G. 

586.589 

Oct. 25. 1933 

F. Wetnmann 

d-Glucuronic acid from plant germs 
by hydrolysis. 

G. 

586.056 

Oct. 27. 1083 

W. Leaaelberg 

Vitamin preparations are mixed 
with albuminous material and 
dried. 

G. 

618.482 

Sept. 9. 1935 

H. Sand^ & Co. 

Pood preparations containing ex- 
tracts of water- and fat-solubic 
vitamins. 

G. 

628.610 

Dee. 30, 1985 

K. Bodendorf 

Food preparation by extracting 
vegetable matter with cod liver oil. 

G. 

623,667 

Jaa. 2.1936 

W. Kropp, F. Lange and A. 
Bcdine 

Aw. to I. G. 

Preparation of water emulsions of 
fat-soluble vitamins by dissolving 
the vitamins in water-sduble ethers 
or esters of polyhydroxy-compounds 
followed by incorporation into 
water. 

G. 

626.776 

Mar. 2, 1986 

Hoffmann-LaRocbe 

Extraction of vitamins with solu- 
tions of bile adds followed by sepa- 
ration of the acids. 

G. 

642,807. 

Mar. 1,1937 

F. Laquer 

Aw. tb I. G. 

Dispersions of fat-soluble vitaminn 
in water by means of albubiinous 
materials. 

G. 

661,508 

Jitne^SO, 1988 

P. Lindner 

Assimilation of alcohol and/or COi 
by yeast or algae to form vitemins. 

F. 

604,448 

July 24, 1929 

L. M. Rayband 

Preservation of vitamins in germi- 
nated seeds by a coating of sugsr 
cbocolate. 

F, 

715.445 

Aug. 26, 1930 

A. A. Oourrier 

Pood product4iGh in vitamins from 
and milk. 

F. 

717,067 

May 18, 1081 

LG. 

Dispersion of vitamins in water by 
the aid of albumins. 

F, 

728,587 

July 16, 1081 

G. Dttboia 

Extraction and concentration ol 
vitamins. 

f' 

788,806 

A|»lf80.1088 

AtebliwenieBU Byla 

Food products from yeast. 
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Patent No. 

Date 

Patentee 

AMTEACr 

P. 757.454 

Dec. 27, 1933 

H. C. Meyers 

^ood prodnct ridb bi vihuttins from 
the germs of grain. 

P. 771.055 

8q>t.29. 1984 

M. C. Gulbraasen 

Concentrated vegetable JnSees are 
lixed with vitamin-eontaining li« 
[ttids. 

p. 796.101 

Mar. 30. 1936 

M. Bmotte 

/itamin composition containing 
ledthltt. sugar and vitamins, espe- 
cially vitamin D. 

P. 797.180 

April 22. 1936 

B. A. Barbet 

ritamin-enriched drinks by the ad- 
iition of concentrates from grapes. 

P. 797.229 

April 23. 1936 

International Vitaerine Lab. 
Co. 

Fresh foods are dried to preserve 
:heir vitamin content by a tiqnid 
kick causes exosmosis of the |oioe. 

P. 805.598 

Nov. 24. 1936 

Soe. Prancaiae Det Sucres 

Addition of vitamins to sugar. 

P. 810.961 

April 3. 1937 

C. G. V. Bouillon 

Apparatus for generating vitamins 
in grain. 

P. 833.984 

Nov. 8.1938 

*Ocean’* 

The vitamins in a pnrde of paprika 
aie preserved by sealing under 
vacuum. 

P. 845.046 

Aug. 9.1939 

G. Sandulesco aiui A. Girard 
Ass. to Les LabcNatories Pran- 
cais de Chimioth4nipie 

Separation of hydrogyl group- 
containing vitamins by transfonna- 
tion into water-solnble quaternary 
ammonium compounds. 

Atitlml. 

29.933/85 

Jan. 19. 1936 

Nestl4 and Anglo-Swiss Con* 
densed Milk Co. 

Fat- and water-soluble vitamins arc 
emulslSed in condensed milk. 

AustriEE 

121.078 

Aug. 15. 1930 

£. Reinisch 

Yeast is enriched in vitamins by 
ultraviolet rays. 

AuatriftB 

131.289 

July 15. 1932 

H. CHeoth 

Extraction of vitamins from vege- 
Uble materials or microorganisms 
in the presence of nascent hydrogen. 

Austrian 

137.427 

May 11. 1984 

4-' 

M. Klein 

Vitamin preparations from eSltular 
vegetable tissue by dialysis foNowed 
by precipitation and extraction pro- 
cedures. 

Dan. 54.611 

April 19. 1938 

H. C. B, Tilliscb 

Vitamin-containing material for 
coloring margarine is cxtmetnd 
from plants with oils. 

Nnrw. 43.892 

Mar. 28. 1927 

A. W, Owe 

Vitamin extract from vegetable ma- 
terial by saponidcatiott and extrac- 
tion. 

Norw. 44.019 

1 Dec. 29. 1930 

A. W. Owe 

Bdible fat is mixed with a vitamin- 
bearing material. 

Vtaafaw k mA D 

U. S. 1,163,907 1 Ok. 7,1916 

C. Funk 

Extraction of vitamins from cod 
liver oil with Ugroln or anoUher 
organie advent, predpitatloa with 
alcohol or acetone. 

U. a 1,336,969 

Jan. 6.1920 

G. D. Rogers 

Oil is separated from fatty nwler- 
ials. r. f.. from irii liven, by adding 
sodium chloride followed ^ eubjee- 
tioo to an eleetrical dischargi. 

uai,88e.i« 

B. 137,61* 

Pcb. 8.1921 
D4e. 6.1919 

P. M. Heyerdahl 

Bxtraction and puriicatfon of o8t. 
€. f.. fish oils, by water. 

V. a 1,619,779 

Dec. 16. 1924 

B. M. Johnson 

Oil is pressed from foeoen cod ttvefeA 



FATBirriNDEX . 


PAnirr Nq. 


VitwataA A uid D (Cornimmd} 

V, S. l.d29«Q74 I Mmr 17. 1927 C. Funk nnd H. B. Dubiti 


U.S. 1.92Q.61S May 24. 1927 8. OrAnningtaeter 


u. s. 

1,088,700 

Aug. 

9. 

1927 

17. S. 

1,049,520 

Nov. 

15. 

1927 

U.S. 

1,078,454 

July 

24. 

1928 

B. 

208,145 

April 

3, 

1925 

B. 

227,121 

April 

3. 

1925 

B. 

227,122 

April 

3. 

1925 

G. 

484,998 

Oct 

24. 

1929 

P. 

579.784 

Oct. 

22. 

1924 

U.S. 

1.715,945 

June 

4. 

1929 

O. 

472,814 

Oct. 

U. 

1924 

U.S. 

1.725.964 

Aug. 

27. 

1929 

U.S, 

1,758,790 

April 

8, 

1980 

u. s 

. 1,786,095 

Dee. 

23. 

1930 

B. 

220,697 

Aug. 

14, 

1984 

F. 

566,695 

Feb. 

18. 

,1924 


Am. to Silmo Chamiaai Co. 


Am. to ^nibb 


U. 8. 1.805,593 May 19, 1981 A. W. Ow« 

B. 269,905 Mar. 2.1926 

G. 501,834 Nov. 4.1924 

U. S. 1,845.370 Feb. 16, 1982 T. B. Wagner 


Vatannae A and D arc obtained 
front 6ih oQc by csteaction 
aoetk add. aaponideatioo and digi^ 
tamln predpitation of non*vitanda 
pvodueU. 

Vitamin-containiBg fats are saponi- 
fied with alcoholic alkali and the 
vitamins extracted by a vegetatde 

L 

Powdered fish oil piMuct in a non- 
meUdlic mineral carrier. 


mtainiog oils 


U. S. 1,879,734 Sept 27. 1932 W. G. Christiansen and B. 

MoneM 
Am. to Squibb 

U. 8. l,89n,1»S Feb. 7, 1933 K. O. Ndan 

Am, to BIUs-Foster Co. 

17.8.1.897,039 Feb. 14.1988 W. G. Christiansen, W. S. 

Jones and B. Monem 
Am. to Squibb 

U. S. I.9l9«a«9 July 95. 1988 H. A Heiaday and A. Black 
Am. to Squibb 

U.Alr98S489 89p)t. 5,1988 B. Ungfeldt and R, Hdlsrud 


Stabilising vitamin-q 
by mild hydrogenatio 


Extraction of liver oita with alcohol, 
saponification oi the extract, pre- 
dpitation of the fatty Vcids as cal- 
dum soaps and extraction of the 
vitamins from the soaps. 


Vitamin-containing oils are saponi- 
fied srith an alkaline earth hydrox- 
ide and extracted with an ediUa fat. 

Vitamin-bearing oils from fish livers 
by heating under subatmospberk 
pressure. I 

Partial saponification of ood liver 
oil. 

Bxtrectiott of fat-sclulblo dinmlns 
from fish oils by shp^tfidriinn and 
predpitation of the f^ty ecids with 
an alkaline nurth metal fbUoi^ by 
extraction of the vitaerins with an 
organic solvent. 

Vitemin extracts from marine oils 
by saponification followed by ex- 
traction with a vegetable oil. 

Emulsions of cod liver oil with a 
caldum<<phosphorus compound de- 
rived from steepsrater of corn. 

Extraction of vitamins from s 
saponified material by means of ace- 


Partially hydrogenatad cod liver oil 
containing Its original vitamin con- 
tent. 

Predpitation of fatty edds in the 
saponification mass of eod liver dt 
as the Al-ealt. 

Saponification "of vitanMN^taln- 
ing oils and extraction with ether, 
acetone or dichloro-cthyt-ether. 

Apperetnsfmtlwcxtcaqtifq^ vita- 
mbii from sirintiopii,;m 
staterfdlubie aoepe f^ ^Mone of » 
vaporiaad aobmnt, ' 
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TJffwmt No. 

P»T» 

PatairraB 

AasToaer 

VttaMlas A nd D (Com 




Ko>^. 14, 1083 

A. Blade 

Am. to Squibb 

ReSaiag the eltamla-eoBtdalag ua- 
aapoai6able part of 5sh oils bj dis- 
adviac ia aleehol or dioiaaa aad 
wathiag with a vegetabte olL 

U.S. 1,047,315 

Fob. 18. 1034 

W. O. Saelliac 

Vitaada ooaeeattate from Sdi oUa 
bp mpoaiicatioa ia peataaa iHth 
aqueous alkalies. 

U. S. 1,047,433 

Feb. 18, 1084 

R. C. Ruetoa aad H. D. 
Liiflitbody 

Am. to State Board of Agricul- 
ture of Miehigaa 

Presenratioa of vitaada-eoataiaiag 
6sh liver oils bp the additioa of 
hpdroquiaoae, resordaol or the like. 

U. S. 1,083,654 

Dec. 11, 1084 

A. Black 

Am. to Squibb 

ReSaiag the eitaada-coataiaiag ua- 
aapmdSable amtter of oils bp tteet- 
aieot with cerboa ia the preseace of 
oa aatiosidaat. 

U. S. 1,088,060 

lea. 22, 1035 

A. F. O. Oenaaaa 

Am. to S.M.A. Cor:^. 

Vitaada A aad D eoaeaatrata from 
palm eU by oaparatioa of the free* 
tioa penaaaeatlp liquid at low tem- 
perature aad irradiatioa or additioB 
of viostarol. 

U.S. 2,007,108 
B. 463,655 

Jtttjr 2,1035 
Atirfl 5,1087 

R. Brecaick 

Vitanda pc^aratioa bp adadag aa 
edible dehydrated haid vegetable 
fat with a fatty aiateriat of high 
vitaada eoataat. 

U. S. 8.026,805 

Dee. 81. 1035 

H. P. Loomis 

Am, to Silmo Cbeaiicat Co. 

Vitaiala ooaoeatrate from dls bp 
partial — p«— *%*t*Af*- 

U. S. 2,051,257 

Attc. 18, 1086 

H. N. HdflMS 

Am. to Parke, Daeis 

Materials such as 6sfa liver oil, caro- 
teae or irradiated ergosterol ate 
stahUiacd bp addiag phoepbolipides 
such as Icdtlda, mddagompelia, etc. 

V. S. 2,067,270 

Jaa. 12. 1087 

F. W. Nitardy aad W. S. 
JOOM 

Am. to Squibb 

Vitaada-ooataiaiag oil is eatractsd 
from 6sb livers, the proteia of whidi 
has beea coagulated, by mesas of 
ethyleae dU^de or other ehiori- 
aated solveats. 

U. S. 2,000,788 

AOf . 24, 1087 

A. O. Tischer 

Am. to Bastaiaa Kodak 

Puridcatioe of vitaada A- aad D- 
ooataiaiagaatural oils bp cstraetioa 
of the bapurities with aa aldehyde 
haviag a furaae audeus. 

tr. S. 2,186,453 

Nav. 15. 1038 

H. M. Marker 

Ass. to Parke, Davis 

PuriScatioB of vitaada-eoatalaiag 
ether extracts 

U. 8. 2,186,481 

Noe, 15. 1088 

F. H. Youag aad K. D. Rob- 

Am. to Abbott 

Vitaadas A aad D coaceatimte by 
parthd sapoaiScatioa of Uvets. 

U.S. 2,150,815 
B. 506.780 

Mar. 14,1080 
Jaae 5,1080 

A. B. Briod aad B. R. Bast 
Ass. to NatioBal OB Products 

Prooam for emtdsUlHhf vitaadas A 
aad D with cream or 

evapotaAod ssttk. 

U.S. 2461 J82 

Jfiael8,1080 

lamas A. Patdi 

Mothod of eatraotfam vitaadas irofd 
Sih Uvtr oito brespooB^rteSi rddia^ 
erssaie solvaats to produei a hmo- 

U. S, 2478^ 

Sept 10, 1080 

N. A.Miias 

i^B. to Ressareh Carp* 

fm'tteisrliSieaoioahstas* 
tisBy pure vitaadas A asd D Stoai 
ttvM oib^ ly^^l^ssriM M Irse- 






.ISilA 

000 


jpATmrr josirax 


Patbmt No. 

DATS 

Fatsmtw 

AsmAcr 

VUudwiiLond 
B. Ml, 008 

D (ConUnm§4} 
Not. 10, 1941 

M. P. Kaufmaoti 

ReSnenmat of vitamin-eontalnlag 
oBt by chromatofraphie adeoriitioB. 

G. 482.045 

Nov. 15, 1927 

I.G. 

Liver ofle are reined by treatment 
with aleohel* in the abteaee of 
oatygen. 

O. 458,801 

Nov. 4,1924 

A. W. Owe 

Vitamin extracts, r. f ., carotene, by 
aaponification. neotralisation and 
removal of tolveutj 

G. 498.881 

June 8,1927 

j. wolf 

Bxtraotion of liverv or ieh liver oil 
wit5 an addie agent, having a pH 
betmeen 3 and 6. \ 

G. 448.870 

G. 495.697 

Sept. 1.1927 
April 26, 1980 

H. Saader ft Co. 

Vitamin-containing margarine from 
cod liver oil. . \ 

G. 860.146 

G. 667,648 

Feb. 86, 1086 
Mar. 81, 1927 

A. G. f. MedistaiBcbe Pro> 
dukte 

Extraction of vitamiu from oils by 
means of hot alcohol and/or ace- 
tone. 

G. 668.001 

Oct. 12. 1080 

J. D. Riedel-B. de Haen 

Petroleum ether extraction of the 
saponifiable part of cod liver o8. 

G. 698,895 

Peb. 26, 1984 

Peatocia-Werkc 

Bnmlston from liver oil, lime and 
ealcium-saceharate. 

G. 699,711 

Sept. 27, 1940 

F. Unger 

Am. to Heyl ft Co. aad to P. 
Unger 

Extraction of vitamins A and D by 
means of esters of low;M. W. adds 
and low M.W. alcoholi. 

Bdg. 480,869 

Nov. 80, 1988 

M. Venaeulen 

Natural products containing vita- 
mins are saponified directly aad ex- 
tracted. 

Con. 859,810 

Mar. 80, 1085 

P. M. Heyerdabl 

laoorporatioa of vitamins in mar- 
garine by mixiag cod liver oil with 
olive oil prior to the uMition to 
margarine. 

Cu. 874,895 

Jane 14, 1988 

H. N. BroeUeeby 

Am. to the Fiiheriea Beaearch 
Board of Canada 

Procem of preparing natural fish 
liver oils of high vitamin A and D 
potency by digestion of the liver 
proMtts with pepsin, peptisatioa of 
the digested material with a mild 
alkali aad separation of the liber- 
ated oil. 

Nonr. 84,895 

Norw. 41,588 

May 8,1922 

17. 1985 

T. B. X^eiow 

Smoerfabrikken Flora 

Margarine is enriched in vitamins 
by the addition of animal fats high 
in vitamin content, such as eod liver 
oil. 

Fish liver dl to be added to ni|r- 
garble is treated to cover the un- 
pleasant taste, s. f ., by adding aro- 
matic substancm and cmulsiAoa- 
tion. 

0.& 1450,072 

B. mm 

mAsmi 

Miw.ia, im 
Vte. SI. W17 

W. P. Sdmefc 

Am. to Superior OO ft Pilooem . 
Co. 

Purification of oils by distmiag off 

*• 

impuncim. 

ll.a 1488459 

20,708 

SWI. S. 1«8S 

K. a D. Hfekmmi 

Am. to Baenneii Xodidi 

Vacuum distillatiott of fish oils. 
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pATSVt No. Datb Patbmtbb 


DiBiStatiMi Procoduro {Continued) 


U. S. 2.na.3Q2 
ir. S. 2.124.879 

B. 479.902 

F. 925,979 

K. 834.540 

April 5. 1938 
July 26. 1938 
Feb. n. 1938 
Mar. 18. 1938 
Nov. 23. 1938 

K. C. D liicdKman 

Ass. to Bastmau Kodak 

U. S. 2.117.802 

May 17. 1938 

K. C. D. Hickman 

Ass. to Eastman Kodak 

U-S. 2.117.808 

May 17. 1938 

K. C. D. Hickman 

Ass. to Bastman Kodak 

U. S. 2,120.466 

Aug. 9. 1938 

K. C. D. Hickman 

Ass. to Bastman Kodak 

U. S. 2.126.467 
B. 487,697 

P. 817.036 

Aug. 9.1938 
June 24. 1938 
Aug. 24. 1937 

K. C. D. Hickman and J. C. 
Hecker 

Ass. to Bastman Kodak 

U. S. 2.128,223 

Aug. 30. 1938 

R. G. J. Fraser 

Ass. to I.C.I. 

U. S. 2.136.774 

Nov. 13. 1938 

K. C. D. Hickman 

Ass. to Distillation Products 

r. S. 2.143,587 
B. 452.442 

G. 659.217 

F. 802,177 

Jan. 40. 1939 
Aug. 22. 1936 
April 28. 1938 
Aug. 29. 1986 

H. I. Waterman, C. van Vlo- 
drop and A. VanDijk 

Ass. to l.C.I. 

U. S. 2,144.906 

Jan. 24. 1939 

H. I. Waterman and C. van 
Vlodrop 

Ass. to I.C.I. 

U. S. 2.146.804 

Feb. 14. 193Q 

K. C. D. Hickman 

Ass. to Distillation Products 

U. S. 2,150,683 
B. 480.885 

F. 812.734 

Mar. 14. 1939 
Mar. 2, 1038 
May 15, 1987 

K. C. D. Hickman 

Ass. to Distillation Products 

U.S. 2.16<).684 
F. 825.978 

Mar. 14, 1939 
Mar. 18, 1938 

K. C. D. Hickman 

Ass. to Distillation Products 

IT. S. 2,150.685 
B. 482.883 

Mar. 14, 1939 
April 6. 1938 

K. C. D. Hickman 

Ass. to DistUlatton Products 

r. S. 2.165.378 
B. 476.134 

B. 482.882 

B. 490.488 

F. 811.766 

P. 825,974 

July 11. 1039 
Dec. 2. 1937 
Apr. 6.1938 
Aug. 15, 1938 
Apr. 22. 1937 
Mar. 18. 1938 

K. C. O. Hickman 

Ass. to Eastman Kodak and 
to Distillation Products 

U. S. 2.169.195 
B. 481.189 

O. 664.745 

Attf. 8,1939 
Mar. 7. 1938 
Sept. 5, 1938 

K. C. D. Hickman and A. O. 
Tiseber 

Ass. to Distillation Products 

U. S. 2.160.051 
U. S. 2,210.926 

Nov. 14. 1940 
Aug. 13. 1940 

K. C. D. Hickman 

Asa. to Distillation Products 


Abbthact 


Process for the Mpamtioti of viu* 
mins A nnd D from Mtumi oils by 
mdccttUr disdlUtion in the pres* 
ence of dyes es Indleetors for the 
distilletkm points of the vitomins. 

Apparatus for molecular distillatioa 
of organic suhetanees in degasMd 
condition. 

Apparatus for molecular distillation 
by spraying the compound to be 
distilled under vacuum into the hot 
vapor of a distilling subsUhce. 

High-vacuum short-path distilla- 
tion of oils containing vitamins. 

Short-path high- vacuum distifiation 
and process for removing the distil- 
late by a Sow of an inert liquid over 
the condensing surface. 

Fractional short path distillation. 


Replacing the air by an inert gas or 
vapor prior to molecular distillation. 

Preparation of vitamin A and D 
concentrates, which are free from 
taste and odors, by molecular dis- 
tillation of Ssh oils, followed by 
mild hydrogenatkm. 

Flavoring matters and vitamins 
from butter fat by distillatioa. 


Separation of sterols and vitamin D 
from oils by high vacuum distilla- 
tion. 

Distillation of vitamin-containing 
oils in the presence of antioxklaats. 


Solid materials eoataiaiag vitamins 
are subjected to molecular distilla- 
tion. 


Apparatus for mdlecular distilla- 
tion. 

Distillation in the presence of a sub- 
stance of tow volatility sncIi as 
tripelargonine. 


Biters of vitamin A and nnsatu- 
rated fatty aciids having at least 8 
carbon atoms. 

Method of dIstHliiig Ssb oHs to 
yield products of high vitamin con- 
tent ^ sul^Mtlng the nil tn a dn- 
gassntg opernHon prior to dUCltfa* 



598 9ATBNT1NDBX 


PATSMT No. 

1 ,Datb 

1 PATBimiS 

AnarnAcr 

INiliaiiliott Proctdm {OntHnnmd) I 


U. S. 2.1803fid 

Kov.21. 1989 

It. C. D. Hkfcauui 

Au. to Diftillation Producta 

Distillation of vftandns A and D 
kom 6sh liver oils. 

U. S. 2486.^60 

Jan. 9, 1940 

B. W. Fawcett and G. Bur- 
rows 

Ass. to I.C.I. 

Apparatus for short-path high- 
vacuum distillation of vitamin- 
containing 6sh oils. 

U.S. 2,199,904 
U.S. 2,199,994 

May 7,1940 
May 7, 1940 

K. C. D. Hicknutn 

Am. to Distillation Products 

Distillation , of 6sh oils. 

V. S. 2,205,924 

June 24. 1040 

1 K. C. D. Hickmaa 

Am. to Distillation Products 

Concentrates of IriUmin A and ot 
vitamins A andl D are obtained 
from naturally teuning aniasal 
oils and fate by Secular distilla- 
tion. \ 

U.S. 2,210.927 
G. 700.704 

P. 824,986 

Aug. 13. 1940 
Nov. 28. 1940 
Dec. 6,1938 

K. C. D. Hickman 

Am. to Distillation Products 

Vacuum distillation process. 

U.S. 2.229.178 

Jan. 21. 1941 

K. C. D. Hickman 

Am. to Distillation Products 

A concentrate of vitamin A and D 
in ester form is made by molecular 
distillation of the crude ester, sa- 
ponification, concentration of~ the 
vitamin and re-esterification. 

U. S. 2,249.424 

July 14. 1941 

K. C. D. Hickman and J. C. 
Hecker 

Am. to Distillation Producu 

Process for removing substances of 
undesirable odor and taste from 
vitamin-containing oils by short- 
path distillation of the undesirable 
materials, leaving th4 purified vita- 
min oil as distillation residue. 

U. S. 2,249.424 
B. 428.994 

July 15, 1941 
Nov. 21. 1940 

K. C. D. Hickman 

Am. to Distillation Products 

Purification of vitamin A esters by 
alcohol extraction of impurities. 

B. 414X>88 

G. 070,016 

P. 767,101 

Aug. 17. 1934 
Jan. 10. 1939 
July 19. 1984 

F. H. Carr and W. Jewell 

Am. to British Drug Houses 

High vacuum short path distiliatioB 
of vitamins from unsaponified liver 
oils. 

B. 464,894 

P. 811,920 

April 19. 1937 
April 26, 1037 

B. W. Fawcett and D. Whit* 
taker 

Am. to I.C.I. 

Concentration of vitamins by par- 
tial saponification followed by high 
vacuum distillation. 

B. 479,816 

Feb. 11. 1938 

R. C. D. Hickman 

Am. to Bastman Kodak 

The undistfiled residue of a moleen- 
lar distillation is recirculated over 
the vaporising element of the dis- 
tillation apparatus. 

B. 482381 
B. 498.948 

April 6, 1938 
Oct. 18, 1988 

Eastman Kodak 

High vacuum short-path distfila- 
tion in the premnee of "constant 
yield oil." 

B. 485.449 

May 18, 1988 

K. C. D. Hickman 

Am. to Bastman Kodaks 

Molecular distillation of unmtur- 
ated oils to be used for blending 
vitamin concentrates. 

B, 487,867 

P. 884,874 

June 20, 1038 
Nov. 18. 1088 

G. G. R. Smith 

Am. to Eastman Kodak 

Saponification of the vitamin frac- 
tion obtained by high vaenum dis- 
tifiatioa and sipumtion of the nn- 
sapottifiafale' part followed by high 
vacttttm thort path diitlllatioii. 

& 488378 

Jtfly 14, 1988 

, Bastman Kodak 

High vtwttttm distUlatioa of nterblf 
and vitamina. 

a mm 

■ ‘ j 

July 29, 1988 

] 

K. C. D. Hickmam and A, O, 
Tiachar 

Ajs« to Bartnta*! 

High vamaum distillation of mater- 
ials contniahig stnrols. * 
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FatsmtNo. , 


PAmfTBB 

Aamacr 

Dlititittiaa (ConKiMotf) 


B. foo.m 

A4d.«ii 

48S.888 

JtdF 20. 1087 

Baitauia Kodak 

Apparatno for higk ▼aeuam diotilla* 
tiM. 

B. 501^1 

Mnr. 2. 1030 

J. O. Bactor 

Aii. to BaiUaaa Kodak 

Diatillation of kjdrbcarboBS and 
▼itamiat from matiao animat otto. 

B. «08.46e 

JttM 27. 1980 

K. C. D. Hieknan 

Am. to Kodak Ltd. 

Itotatioa of vitomia A. ▼Uamia A 
Mtara and vitamia D from Oik oOt 
by moicciilar diotittatioa. 

B. 8S2.770 

Jta. M, IMl 

K. C. D. Hickman 

An. to DiitUlatioa Produetii 

Skort-path. kigh-vaeuam dUtilla- 
tioB of vitaaiint. 

B. m.088 

Auf. 87. 1941 

K. C. D. Hickman 

Am. to piitillation Products 

Batraction of Oik timuct witk a 
solvent of a vapor pressure lower 
tkaa vitamins, fenced by high 
vacuum distillatkm. 

P. 825.406 

Mftr. 8.1988 

Baotinan Kodak 

Procem for treating vitaada A ooa- 
aistiag in tke asteriOcatloa of tOe 
distillate obtained by tke oMdecular 
distillatloa of an aaiaml on contain- 
ing vitamia A. 

F. 888.078 

Mar. 18. 1988 

Baitman Kodak 

Ckolane dcrivativn. partkularly 
sterols, are coocentraM by high 
vacuum short path distillation. 

P. 884.085 

P. 884.087 

Doc., 6.1088 
DocV 6. 1988 

Bastman Kodak 

Method and* apparatus for short 
path high vacuum distlttation of 
vitamins A and D. 




VITAMINS A 


Prositaminn A 

U.& 1438478 

Jan. 20. 1920 

N. A. Gavin 

Extraction of palm oil by cookiag, 
centrifuging, screening and press- 
ing. 

0. S. 1,968407 

April ^ 1984 

H. N. Holmes and H. M. Lei- 
cester 

Asi. to aM.A. Carp. 

Carotene from green plant material 
by alkali hyiMyeis follosrad by 
chloroform extraction. 

U. 8.1,967,131 

July 17. 1984 

H. N. Holmes and H. M. Lei- 
cester 

Am. to S.M.A. Corp. 

Carotene from carrots by coofcittf 
and acetone extraction. 

U. 8. 1,978481 

Oct. 30. 1984 

H. M. Barnett 

Am. to S.M.A. Corp. 

Carotene from palm oil by precipl- 
tation with iodine. 

U. 8. 1,988431 

Jan. 15. 1985 

H. M. Barnett 

Am. to S.M.A. Corp. 

Carotene Irom carrot oil or carrot 
powder by extiaetien. 

U. 8. 8.039,738 

Peb. 4, 1086 

V. Jersey 

Am. to S.M.A. Corp. 

Redaing caiotcne-contaitting oils fay 
separating the free fa|ty aclde pree- 
oat no alkali salts. 

71.8.3481.991 

Fkb. 25. 1986 

O. Ungnade and W. F. Rich- 
ards 

Am. to S.M.A. Corp. 

Acetone extraction of carottaa Irani 
dry soepe. 

U.8.3.W34a6 

P^ 25. 1986 

R. J. CroM 

Ass. to S.M.A. Corp. 

Additien of water bMing materials 
to carotane-eentainiag eonpe and 
axtractien of earotena from tba dry 
amteriat 

V. 8. 3488.188 

Pkb. 25. 1086 

H. M. Barkett. W. O. Prokr^ 
ittg and A. P. Germann 

Am. to S.M.A. Corp. 

Carotene from oaitnts er spinach by 
banaene extraetloa. orystaltisation 
ef the nwln nmounts of carctens 
and hraerparatlon el Rm ssetfenr 
IkinerIntneiL 
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PATENT 


Patent No. 

Date 

Provitaniiaa A (CanHmued) 

U.&fi, 131,304 { 

1 Sept.37, 1933 

U. S. 2,170,372 

Aug. 20, 1939 

B, 3(14.113 

Sept. 24. 1030 

G. 367,033 

Jan. 7, 1933 

G. C3S.300 

Dee. 16. 1939 

Hung. 116,067 

Mar. 16. 1937 

ItoUtioa 


U. S. 2,076,901 
G. 684.760 

April 13. 1937 
Sept. 2. 1986 

U.S. 2,111.049 

Mar. 16. 1988 

U. 2.126,215 
B. 500,037 

July 26. 1933 
April 25, 1938 

243.907 

Dec. 10. 1025 


B. 

283,205 

Feb. 2. 1928 

P. 

622,912 

June 9,1037 

». 

806331 

May 19, 1930 

F. 

670,114 

Feb. 21. 1929 

B. 

393,883 

June 15, 1983 

G. 

612,369 

AprnOS. 1935 



401 joa 

Nov. 9,1983 

; 

: 4»4,4S2 

Sept 8.1935 


V WMSV 

Septa?., 1936 


tmttr 

Aqg4 2. »34 


pATBirrs* 


W. H. Te*t 


D. D. Peebles 


P. S. Voigt 


K. Kuhn 


T. Buhr and W. Schoenenl>er> 
ger 

Ass. to W. Bchoenenherger 


Ocean Magyar Konizervyar 


P. Laquer 
Ass. to Winthrop 


M. N. Holmes 
Ass, to Parke, Davis 

A. D. Barbour 

Ass. to Ontario Research 
Foundation 


Aarhus Oltefabrtk and K. H 
Hausen • 


K. Kawai 


T. Shimixu 


HoBmana-La Roche 


Abbott 


K. Ritsert 
Ass. to Merck 


AMTitAcr 


CoDoeatrate of pigmeatsitom vege- 
table erigia by eatractioa erith an 
organic solvent from aa aeidibed 
aqueous sdlution or suspension. 

Macerated fresh plant materials are 
digested with alkali under pressure, 
followed by solvent extraction. 


Provitamin A and Vitamin C are 
extracted (fiiio Iriuon fteel with 
alcohol. 


Separation of alphu^ and beta-caro- 
tene by two methods: 1. chro- 
matographic adsorption and 2. pre- 
cipitation with iodin 


Provitamin A-contnining plant 
juices by ceiitrifugmg the plant 
juice, heating the liquid to coagu- 
late and filtering ani adding the 
sediment from the centrifugation to 
the liquid. 


Carotene is mixed with pulp of 
paprika and added to food products. 


Preparation of vitamin A by direct 
saponification of fish livers with 
aqueous alcoholic caustic alkali 
metal hydroxide followed by ex- 
traction. ! 

Purification of vitnmia A by 
chromatographic adsorption. 

Process Cor the production of s 
vitamin-contsining fish oil partially 
hydrogenated in the presence of a 
highly active nickel catalyst. 

Incorporation of vitamin A into oil. 
by mixing a vitamin A-contatniag 
snap from saponified oil with oil and 
separating the aqueous soap layer. 

5(H75% Saponification of cod liver 
oUs. 

precipitation of vitamin A from 
aqueous solutions by means of bile 
acids. 

Purification of crude vitamin A prep- 
aration by freezing out impurities 
and precipitating the vitamip A 
with water. 'Hie precipitates are 
filtered through a layer of solid 
carbon dioxide. 

Vitamin A and D conceatrates urr 
obtained^ from fish Uver oils by 
steaming the livers and extracting 
the on with aa organic sotvent. 

Ptfrificatton of vitamin A In tuns 
fish liver oil by saponifiGation s( 
room iemperntnrtf followed hr 
e^mr cnAftkloii. 
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tAtwm Mo. pATo PATBinsB AwnmAcr 

Itdiliott 

B. 4W,647 JI»r 1987 C. Kawai Vitaola oonottitratot fitom ildi oSa 

bjr Mpo&iacatkm followed hf ok- 
troetlon with e fatty oil. 

B. 909i8iS Not aeceiited Mctiebolaget Separator ProcoM aad apparatus for the ok- 

Aee. to Bergedorfer Bisen- traction of oil trom fish Uver by 
werk, AO., Attra-Werke breakinc np the cell structure witii 

adds or alkali without dissolviaf 
the oil aad aeparatinc the oil by 
eeatrifogal treatment. 

O. 468,801 Moo. 10, 1028 A. W. Owe Partial saponification of plant ma- 

terial while extracting provitamin 
A 


0. 

640,701 

Dec. 24. 1981 

J. A. de Loureiro 

o. 

660,681 

June 8,1033 

Hoffman-La Roche 

o. 

981,780 

Sept. 20, 1989 

R. Rosenbusdi and G. Rev- 
erey 

Ass. to Riedel-de Hafin 

G. 

697,762 

Oct. 22, 1940 

E. J. Wolf 

Ass. to Nordmark-Werke 

V. 

847.816 

Oet. 17.1939 

M. Vermeuleu 

Jap. 

128,808 

Feb. 15. 1989 

K. Kituta 


Obtaining vitamin A and vitamin D 
separately from cod liver oil by ex- 
traction with acetic add foll^^ hy 
petroleum ether extraction of the 
acetic acid extract. Vitamin A is 
claimed to be tn tha petrbleum ether 
while vitamin D is in the remaining 
acetic acid. # 

Separation of components of vita- 
min A by chromatographic adsorp- 
tion. / 

Isolation of viUmin A from fish ells 
by saponification in the presence of 
minute amounts of water, extrac- 
tion of the solid saponification nmss 
with acetone, removal of the ace- 
tone by distillation and ether ex- 
traction of the residue. 

Separation of viUmin A from ani- 
mal tissues by ensymes followed by 
extraction with organic solvents. 

Concentration of vitamin A (or pro- 
viUmins A) by direct saponifica- 
tion in the absence of oxygen, ex- 
traction of the saponificatioa saass 
with ether, frecxtng out sterols and 
distilliag oil the ether. The resi- 
dual pr^uct is daimed to contain 
from 8,200.000 to 3,000.000 l.U. 
vitamin A/gr. 

Concentration of vitamin A of fidi 
liver oil by incomplete saponifica- 
tion (50-08%) and simultaneous ex- 
traction. 


Syntbedn 

U. 8.1,902,110 April83,1086 L.&usicka 

9. 419,788 Oet 80, 1984 Ass. to Ciba 

<1. fiOl.070 Aug* 19« 1984 

U. S. 2,175,848 Oet 10. 1080 R. Kuhn and C. Griindmann 
Ass. to Wlnthrop 

tJ. S. 2,288,875 Mt 95, 1941 R. Kubn and C. J. O. R. 
O. 899,984 A«i.l5,1940 Morris 

Ass. to Wintbrop 


Synthesis of tetrataydro-vltamin A. 


Polyene eatboxylic adds and esters 
and manulacture fliareof. 
O ade «dn g bete4ottylidcne-icetal- 
dehyde in the presence of e second^ 
ary amine with heta-methyl-croton- 
alddiyde to form s»(btte-iony1i- 
dettt>-beta-inethyl^^cotbtai-aldehyde 
and reducing the eidshyda gro^ d 

the letter compenttd by an alurni* 

nate of a senendary eknhoL 
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FATBKTINimX 


Patsnt No. Date 


Patoiitbo 


Aostract 


ApidMifai iConUnmi^ 

U.S.aAa9.49i I Apruaa, 1M1 R. Ktdm mad C. J. O. R. 5 - (3^ - Methyl - «^6' -dlmetliyl. 

Morrif cydoheiteayl - 10 - 3 • methyl - 3,4- 

Am. to Winthrop peatedieoal, is claimed as an inter- 

mediate in the synthesis of vitamin 
A. and its preiMiration from 4- 
methyl - -dimethyl - cycle- 
hcaenyl - 10 - 2 - methyl - 1.8- 
butadiene-l-carhoxylic acid esters is 
also claimed. 


B. 510,840 

Aug. 2, 1039 

1. M. Heilbron and J. W. 
Batty 

G. 688.080 

Oct. 27. 1989 

R. Kuhn and K. Wallenfels 
Ass. to I. G. 

Analyda 

U. S. 2.068.053 

Dec. 29. 1987 

P. Twynutn and D. H. Follet 
Am. to Hilger 

U. S 2.128.873 

July 12, 1938 

R. L. McFarlan and J. W. 
Reddie 

Am. to Unitod Drug Co. 

P. 760.676 Feb. 28. 1934 

DeritativeBand ITtaixatloa 

Hilger 

U. S. 2.188,034 

Dec. 12, 1989 

S. Reynolds 

Am. to Atlantic Coast Fish- 


cries 


Condensation of dtral with beta- 
methyl-croton aldehyde. 

Production of polyene compounds, 
i. f., 1,80-diphenylpentadeeacne. by 
converting polyene dlcohols into 
thio- or seleno-aldchroes and re- 
moving from 2 mOlecul^ of the lat- 
ter sulfur or sdenium. 


Photometric apparatus^ for esti- 
mating substances such as cod liver 
oil. vitamin A concentrates and 
fruit juices which have characteris- 
tic selective radiation absorption. 


Apparatus for measuring the con- 
centration of vitamin A by light of 
380 nu». 

Drtermination of vitamin A by 
light of 328 me* 


Composition of gelatine with vita- 
min A. etc. 


U. S. 2.198.214 April 28. 1940 S. Musher 

Am. to Musher Foundation 


U. S. 2.218.891 Oct. 22. 1940 H. P. Taylor 

Am. to The Atlantic Coast 
Fidieries 

U. 8. 2.218.892 Oct. 22. 1940 H. F. TOylor 

Ass. to Atlantic Coast Fish- 
eries 


B. 

491,212 

Attg. 84. 1988 

8. Reynolds 





Asa to Glaxo 

B. 

808,817 

Kotwptri 

J. Verae and C. Mille 

B. 

807.471 

la*. IS. 18SS 



Stabilising alfalfa against oxidation 
for the retention of its carotene con- 
tent during drying and storage, by 
the UM of a sugar and a phospha- 
tide or HsPOt in small proportUms. 

Di^mrsion of idtamia A in gdatlne 
solution, addition of glycerine and 
subsequent drying. 

Substantially dry vitamin A prep: 
arations are made by disp^ng 
the oil containing the vitamin in a 
matrix composed of a gclable col- 
loid. f. f.. gelatine and an invert 
sugar, s. f .. molasses, honey, etc. 

Pr o c oM for the production of drop- 
lets of gdatine eonteining vitamin 
A. 


Procem of protecting fatty sub- 
etanoes from becoqring rancid by 
tihe addition, of oarokenoidSk 
Retarding oxidation of animat and 
vegetable oils by the addition of a 
semn quantity of a fraction possess- 


Irom the Snt 20% diistillale ob- 
tained hy a hliA ^nmnum short path 
dMffiatlott of vegelahle oils. 





VITAlim B GOimjBX 

m 

pATmtn No. 

Date 

PATnrm 

AnssnacT 

DMindfw Ml* OtflhwBwi Wautimui) 
a. «as,9n | A»rna&. i9bs 1 1. c. 

Preparation of an emulakni nl fat- 
soluble vitaniin concentrates fkon 
fish livers. 



VITAMIN B COMPLEX 


U. S. 1|088.(»27 
G. 2664211 

B. 25,822 

April 15. 1218 
Feb. 6.1211 
Nov. 12. 1912 

Tsueuki. Japan 

[solatton of vitamin B concentrates 
from rice bran by alcohol cxtrac- 
ion. 

U. S. 1,162,208 

Dec. 7,1215 

C. Punk 

Extraction of vitamins from yeast, 
ice-bran, etc., by addition of pbos- 
•hotungstic acid and extraction 
with acetone. 

U.S. 1.173.817 

Pcb. 22. 1016 

A. Seidell 

Vitamins from yeast by autolysis 
and adsorption on fuller's cartb fol- 
lowed by elution with dilute acid 
and alcohol. 

U. S. 1.285,128 

July 31, 1017 

A. Gams and B. Schreiber 

Vitamin concentrate from yeaat, 
rice-bran, beans, etc., by preeipifa- 
.ion of inactive materials with lead 
salts and precipitation of the active 
material with an alkaloid pradpi* 
ant such as phosphotungstic acid. 

U. S. 1,481.525 
B. 186.633 

Oct. 10. 1922 
Oct. 2.1922 

C. Hoffman. H. D. Grigsby 
and N. M. Cregor 

Ass. to Ward Baking Co. 

Addition of vitamin B-containing 
substances, such as defatted rice 
polishings, to dough. 

U. a 1.474.022 

Nov. 13, 1923 

1. F. Harris 

Alcohol extraction of vitnmins from 
yeast boiled in dilute acetic acid. 

U. a 1,617.708 

Feb. 15. 1927 

P. Caccta 

Extraction of vitamin B with nlco- 
hol, precipitation with ethylene di- 
cUoride and crystalllaation In the* 
presence of sulfuric acid. 

U. a 1,737,272 

Nov. 26, 1980 

L. Wallersteia 

Ass. to Wallerstcin & Co. 

Manufacture of extracts rich in 
vitamin B from malt and wheat 
germs. 

U, a 1,842.983 

Jett. 26, 1282 

B. W. Dedrick 

Water extraction of the residues ob- 
teined by nuking flour from wbent, 
followed by filtmtion end recovery 
of the water-soluble metCrials; 

V. S. 1.825.977 
B. 378,028 

Jen. 81, 1288 
Sept. 1,1281 

J. W. Dressd 

Uver concentrate by extraction 
with water. 

U. S. 2,006,028 

Julie 25, 1285 

F. Lange and L. Taube 

Ass. to Winthrop 

Preparations containing vitamin B 
from yeast estraet. 

U.B. 2.006,622 

July 2,1285 

O. C. Supplee and G. 
Flanigna 

Ass. to The Borden Co. 

Recovery of vitasslns Bi and Bt 
from milk. 

U.a2.005,688 

OeL 12. 1987 

G. A. Jeffreys 

Liquid binder for food prodnels 
rich in viumin B firom lemMttUd 
material. 

U. a 2,184,748 
B. 428.044 

Dec. 24, 1882 
April 80, 1285 

R. F. Light and C. N. Frey 
Ass. to Standard Brands 

Prepamtion of viUmins Bi end Is 
from yeast %y plasmotysii, congidn- 
tionot theproteM mntciiffieadnen- 
eentmlion of tlie sratcr aoiiition. 



ft pp 
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PATBNTXNX»X 


Patent No. 


Date 


Fetmm 


U. S. 2493^6 Mef. 19. 1940 B. MeM 

Am. to Vieo Products Co. 


AEEtEACr 

IsolEtioB of the iKUEdE B c o mp It E 
fsonyoEstby BiCESiof 90% methyl 
or ethyl dcobol, distilliof off part 
of the aolveot to separate gomBior 


U. a 2,903*101 May 2a 1940 C. 8. Miaer 

Am. toCoEMMreial Solvents 


U. 8. 2,202 J07 May 28. 1940 L. B. Booher 

a 108;294 Jan. 4,1917 Ciba 

F. 485,049 Jan. 24, 1918 


845,800 Nov. 22, 1929 1.0. 

500,174 Oct. 10, 1929 

870.149 Nov. 10. 1981 S. Oto and K. Umeda 
Jap. 91,250 Apra28,19ai Am. to K. Beer 


by alkali earth nmterlalsy and mlsr 
faig the vitamin-oontainini smterial 
with eilreeted yeast or with ceefu* 
lated egf white. 

Recovery of vitamin B 
llroM IsrmcBtation of 
butyl alcohOl^prodttcini 

Bztfaetion of the vital 
pies. 



Bstraotion of vitamins) 
husks, yeast, etc., by i 
predpitation of Inactive) products 
by is^-salts. 

Aqueous sotutioa of yeasl^ rich in 
vitamin B for beverages. 

Prswed yeast is fermented with 
cane sugar, etc. The product isea- 
traeted with alcohol to yield a nu- 
trient nmterial containing vitandn 
B. 


B. 

484.058 

Aug. 20. 1985 

W.W.Tdggs 

Concentrate of vitamins B from 
ediey. ^ 

Manulactoro of n product Contain- 
ing vitamins of the B-complcs by 
cafraction of seeds or grain gsrms. 

B. 

477,528 

Dee. 80, 1987 

Standard Brands 

B. 

F, 

485,079 

824,887 

May 10, 1988 
Feb. 17, 1988 

I. O. 

Plant growth stimulant containing 
vitamins of the B-complex. 

B. 

488,0M 

May 80. 1988 

BULUly 

Sohition of a vitamin of the B- 
oompMx in a polyhydrie alcohol. 

S. 

586,510 

May 10, 1941 

Standard Brands 

Yeast is grown on a culture medium 
containing the vitamins Bi, Bs. 


B. 538,191 July 24, 1941 Emulsions P roe SM Corp. 


589*825 Sept 25. 1941 Standaid Brands 


O. 295,801 Mar. 25, 1914 Boehringer 


d. 807,512 dee. 29, 1984 P. Oydrgy* 2U Xiihh and T. 

d. dM,999 Bapt. IB, 1980 Wagner-Jaiiiegg 

Am. to 1. O. 


inositol, pantothenic add and 
'*biotic add" (estraeted from sheep 
liver). 

Bstcaction of the vitamins of the 
B-complea from yeast after break- 
ing down the yeast odte by appUca- 
tioo of pressure followed by a sud- 
dM laieMe of the pres su r e . 

Inqwwvement la the propagation of 
yeast by the addition to'theoidtttrc 
madinm of vitamins Bt and Bt (or a 
pyrinddioe and thiasol compou n d ) 
and additional growth 


PuriOcation of phoaphotungitate 
'pradpitatM of vitamins B by aoe- 


Mnnnfaetttre of vitandnsofthe B- 
eomplaE by adaorptUm fOllowod by 
dntian with amhws ok ammonia. 



vrtAHm Mr-raaAMm 


m 


Patbmt No. 

DATS 

Patsmtss 

AsersACT 

G. 630.772 

June 5, 1986 

L G. 

Isolation of vitamin B 4 by adoorp* 
tioo. AUitiott and pre^ltatioh 
methods, aieking um of the strong 
bluish diiorescence characteristics 
of vitamin B«. 

C. 646.543 

CoBtinumtioB of | 
G. 690,772 

Jana 17, 1987 

1. G. 

Blution of viUmin Bt by alkali and 
by amines. ViUmtn B«, accordhig 
to this patent, has the fermole 
C 11 H 14 N 4 OS and seems to remmble 
vitamin Bi end thioehrome rather 
then the description of vitemia B 4 . 

C. 673,078 

Contiaufttion of| 
661.920 
and 670.742 

Peb. 18. 1989 

l.G. 

Method of Goncentretiag growth- 
promoting compounds of the ‘*hios'* 
type. 

G. 708.400 

Mar. 7.1941 

Att. to G. Henning 

Adenosinphosphoric acid from ade- 
nosin and phosphoric add by yeast. 

Jap. 91,202 

April 25. 1081 

S. laume, M. Seto. I. Seto 

Alt. to the South Manchurian 
Railway Co. 

The alcoholic eatraet from soy bean 
is freed from impurities end con- 
tains large amounts of vitamimB. 

Jap. 101,137 

Mar 16. 1988 

R. Tagttchi 

Atf. to K. Katakura 

Rice, bran or the like is extracted 
with methanol to yield a substaace 
rich in vitamin B. 



VITAMIN Bi— THIAMIN 


Matloa 




V. S. 1.869.721 
U. 8. 1.689 427 
B. 354.421 

P. 714,416 

Attf. 2,1982 
Nov. 29. 1932 
Aug. 18. 1981 

B. Sure 

Puri&csi.ion of crude vitamin Bi 
concentrates by dissolving in acetic 
acid, predpitatittg impurities with 
acetone and adsorbing the vitamin 
on charcoal. 

V.S. 1,987,671 

Dec. 5,1988 

A.SeideU 

Elimination of aon-vitaminic sub- 
stances from vitamin Bi concen- 
trates by bcasoylatioa. 

U.S. 1,990.961 

Peb. 13. 1985 

B. H. Stuart 

Am. to Eli Lilly 

Removal of vitamin Bi from an ad- 
sorbate by solutions of mineral 
addB* 

V. a 24K»2.519 

Mey 28. 1985 

R. J. Block and G. R. CowgUl 
Am. to S. J. Dannenberg 

PurlBcation of vitamin Bi concen- 
trates by oxidation of imparities. 

U. S. 2,015,876 

Oct. 1,1935 

B. Sure end B. H. Stuart 

Am. to B. Sure 

Concentration of vitamin B from 
acid alcoholic extracts from rice 
brans by adsorption on active cer- 
bon. 

U, a 2,049.988 

Aug. 4.1986 

R. R. Winiame and R. B. 
Watemaa 

Am. to Reeaaidi Corp. 

Blution of the fuller's earth adeorb- 
ate of vitamin Bi with an acid 
polynitrogeaous alkaloid salt. f. f., 
with qainine eolfate sohitlen. 

U,S. 2,114,776 
B. 407,081 

F. 818,702 

April 19, 1988 
Not aeeepted 
Oct. 2,1987 

L. R. Ccrecedo 

Isdatioo of vitamin Bi fromnatura 
soufcee by adeorptien on naolitn fol- 
lowed by eltttion. Further pnriS* 
cetiem by pcodplution of the vite* 
ndn es sltver compound or sOioo- 
tungitete. 

890878 

4iw2 8,1088 

8. J. Daaneoberg 

ViUmin Bi eoncentrete byhxtmct- 
ing the viUmin at pH 10-18 fol- 
lowed by an add extcacthm. 



m 



FAtRKTIKBBX 


PATEKr No. 

Davn 

PATnima 

Anantacr 

bttMi 

G. 

bn 1(Conlfiiiisd) 

811,074 1 Ian. 12, 1916 

aba 

Batraotioo of animal or plant nm- 
tcrial with dilute alcohol and pca- 
dpitatioo of impurities with lead 
salts. 

G. 

320.7U 

April 28, 1020 

R. Bombard and P. Hefti 

Vitamin Bt concentrates front planf 
material, s. g., rice brans, yeast, 
cte., by total hydrolysis with dil. 
mineral adds at 80* C. 

G. 859,878 

Continuatioo of| 
G. 811,074 

Sept. 28. 1922 

aba 

Hydreiysis of the starting material 
wite enaymes. 

Jap- 

10»^ 

Jan. 22. 1988 

R. Otake 

Isdation of crystalliaed jvitamia Bi 
from yeaat by adsorptmn on acid 
day, extraction with Ba\OH)t and 
precipitation with a silver salt. 

U. a 2.127,446 
B. 500,519 

G. 676B80 

P. 881.110 

Aug. 16, 1938 
Peb. 10,1989 
June 16. 1989 
Aug. 28. 1938 

M. Klingenfum 

Am. to Hoffmann-LaRoche 

Synthesis of vlta^n Bi by conden- 
sation of 2-niethyt-4-aniino-8-tltio» 
formylamino - methyl - pyrinddint 
with 2-methyl-2-alkoxy-3-ehloro- 
tetra-hydro-fuiane. 

U. S. 2.106.288 

July 18, 1989 

B. R. Buchman 

Am. to Research Corp. 

Procem of preparing 2-methyl-6- 
amino-8-pyrimidyi-bromaoetic acid 


by bfomimitioB of the correspoad- 
ing pyrimidine acetic acid and 
method of ayntheslaiiig vitamin li 
therefrom by condeniation with 
methyl • 5 - beta - hydroay - ethyl- 
thiaa^e. 1 


t) S. 2,184.720 Dec. 26. 1989 T. Matukawa and M. Ohta Synthesis of vitamin Bi from 2- 

Ass. to Kabttsiki-Kaisha Ta- methyl - 4 - amino • 8 - formamino- 
keda-Chobei Shoteo methyl-pyrimidine and gamma. 

gamma -diaceto - gamma -mercapto- 
propyl alcohid. 


U. S. 2.209.244 
B. 466.788 

B. 471.416 

G. 685.082 

F. 816.482 


July 28. 1940 
Nov, 11, 1936 
Ang. 80. 1987 
Dec. 11. 1989 
Aug. 7,1937 


H. Andcrsag and K. Westphal 
Ass. to 1. G. 


V. S. 2,285.862 Mar. 25, 1941 

B. 507,918 June 22, 1989 

O, 669,187 Dee. 19. 1938 

O. 681.688 

ir.8.2,2««9dil Ang. 19, 1941 


O. Zima 
Am. to Merck 


Z. Pdidi and A. Gerecs 


(1) Synthesis of vitomin Bi by con- 
densation of 2-methyl-4-amino-8- 
thio - formylamidomethyl - pyrimi- 
dine with 2*keto-3-halogeno-peo- 
tanol-5 or its acetate. 

(2) Synthesis of vitamin Bi by con- 
densation of 4-metbyt-8-beU-hy- 
drosy-ethyl thiasole with 2-methyl- 
4 - amino - 5 - halogeno - metl^l- 
P3rrimidine. 

(8) Synthesis of vitamin Bi by eon- 
dettsatkm of an ester of gamma-(4- 
methyl - 8 - acylosy - ethyl - M- 
thiaaoiium -bromide) -alpha -eyano' 
butyric add with aeetomidiae. 

Synthesis of vitamin Bi by < 
satton of 2-mcthyl-4-amino-8-oay- 
mechyH^yrimidine HCl with 4- 
methy(-8*bcta-kydrosy-athyl-thia- 
ada-HCl. 

Byntbesis of vitfmin Bi Icnm 2- 
mcthyl - 4 • amino - 8 • Udolncni- 
anddomethyl-pyrimidiae and 2- 
amthyl- a-hrdUw-h-halofeno- 
tnMiydrnlhianis in 4hn pcamnee of 
saRe of weak nrsank beam and 



VITAlim Br—tmAlON 


m 


Patbnt No. 

Datb 

PATnirma 

^nthede {CMinutd) 


B. 4MJ26 
P. 834.682 

Dec. 2. 1938 
Nov. 29. 1938 

■esearch Corp. 

B- 532.013 

Jan. 15,1941 

Stondard Brands and Inter- 
national Yeast 

G. 681.638 

Continuation of 
G. 669.187. 

^ Sept. 27. 1939 

O. Zima 

Ass. to Merck 

0. 703,775 

Addition to ^ 
G. 685.032 

Mar. 15. 1941 

H. ^Lndersag and K. Westphal 
Ass. to I. G. 

O. 705.432 

Addition to 

O. 685,032 

April 28. 1941 

K. Westphal and H. Andersag 
Ass. to 1. G. 

Syatheeie of the Thiaxole Pert 


u. s. 2,mjm 

B. 496301 

O. 684,687 

P. 831,111 

July 12. 1938 
Dec& 6,1988 
Dec. 1,1939 
Aug. 23. 1938 

Hoffmann-LaRoche 

U. S. 2,138,060 
B. 472,480 

O. 673,174 

G. 676,617 

P. 803,406 

Oct. 25, 1938 
Sept. 17. 1937 
Mar. 17. 1939 
July 21. 1939 
Get. 1,1936 

£. R. Buchman 

Ass. to Research Corp. 

U.S. 2,134,016 

Oct. 25. 1938 

R. R. Williams 

Ass. to Research Corp. 

U.& 2,180370 
B. 466,761 

O. 704336 

P. ni,8t6 

Dec. 6.1938 
Nov. 18. 1986 
Mar. 26, 1941 
April 9, 1987 

H. Andersag end K. Westphal 
Ass. to Winthrop 

V.S. 3460367 
Q. 670,181 

June 6.1989 
Jam 12, 1989 

O. Hromatka 

Ass. to Megck 


Amtkact 


lyutlMib of Wts»tti Bi tiy eondett* 
MtioD of 3>iiiethyl>4^mtttiio-5- 
>romo4aethy1-|>yrhnidfne HBrwilh 
mothyt - 5 - (beU * hydroxy- 
dhyl)-thuixol€. 


he viumin Bi content of yenet is 
ittcrented by growing the yenst in n 
wort to which has been added a 
»yrimidine compound with or with- 
Mat a thiasole compound. 2- 
Methyl - 5 - ethoxymethyl - 6- 
ino-pyrimtdine and 4-methyt-li- 
>eta-hydroxy-ethy1-thiaxole are 
tpeciecally mentioned as additive 
igents. 


lyothesii of viUmin Bi by eonden- 
ation of 2-methyl<r4-amiiio-5-id- 
koxy-methyl-pyrimidine hy^ochlo- 
ide with the hydrochloride Of 4* 
methyl - 5 - beta - hydroxy - ethyl- 
thiaaole. 


Synthesis of vitamin Bt accord- 
ing to G.P. 686.082 but using 6- 
amino-alkyl-thiasole compounds for 
the condensation followed by eon* 
version into vitamin Bi, 

Synthesis of vitamin Bi by conden- 
ition of 4-methyl-6-beta-hydrosy- 
ethyl-thiasole with 2-metliyl-4- 
amino-6-methyl-pyrimidine, the 6- 
methyl group of which is substi- 
tuted by a reactive group-(Bxamplc: 
bensol sulfonic acid ester of the 6- 
hydroxy-methyl derivative). 


2 • Methyl - 2 - alkoxy - 3 « chloro- 
tetra-hydro-furane from alpha-ace- 
tyl - alpha - chloro • butyrolactooe 
and an aliphatic primary alcohol. 

4 - Methyl - 5 - beta - hydroxy- 
ethyl-thiasole from gamma-aeeto- 
gamma-halogeno-propanol and 
thio-formamidc. 


Composition of matter claims for 4- 
methyl - 6 - beta • hydroxy - ethyl- 
thiasole and its salts. 

Condeniation of ganama-bromo- 
gaauna • aeeto - piopapol - esters 
with a rhodanide followed by add 
treatment to form 2-hydra«y-4- 
mcthyl - diiasolyl • 5 « ethanol- 
esters. 

4 - Methyl - 6 - beta « hydroxy- 
etfayl-thiaade from gamma-hel^, 
geno gammaaorno-propyl sloohol, 
fonaamide and phosphenis peata* 
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PATENT 1KDB3C 


Patbnt Na. Dat» 

SyaftiiMit of llw Thiotolo Port (Continutd) 

U. 5. 3.179.984 Nov. 14. 1989 H. Spiegetberg 
B. 492.637 Sept. 33. 1938 Asc. to Hoffmosa-teRoche 
G. 678,153 July 13. 1939 


U. S. 2,193.858 Mar. 19. 1940 B. R. Buchmon 

Am. to Reaeardi Corp. 


U. S. 2.194.179 Mar. 19. 1940 B. R. Bachman 
Continuatioa of| Am. to Research Corp. 

U. S. 2.133,969 


Aamaer 


4 - Methyl *5- beU-hydroky -ethyl- 
thiaaote from the corrcipoi i dtog 2- 
mereapto-dcfivativc by hydrogen 
peroxide oxidation. 

Compoeitioa of matter claimi for 
alpha • halogeno - alpha • aceto - y- 
butyro-lactone and method of prep- 
aration by halogeiMtioB of idpha- 
aceto-7-butyro-lactoae. 

4 - Methyl - 5 - beU 4 acetoxy- 
ethyl-thiaaole from gamma-halo- 
geao - gamma - aceto - ^opylace- 
tate and tkio-formamide. 


11. S. 2.209,092 Jaly 23. 1940 D. Price and F. D. Pickel 

Am. to National Oil Products 


Preparation of 4-methy^-6-beta- 
amino-ethyl-thiasol^. by brominat- 
ing levttlinic eater, reacu^ the 
halogenated compound wim thio- 
formamide. treating the reaction 
product frith ammonia, dehydrating 
the amide thus obtained to the cor- 
responding cyano-derivative and 
catalytically hydrogenating the 
cyano-group to an amino-group. 


U. S. 24216,574 Oct. 1.1940 T. D. Perrine 
B. 472,896 Sept. 17, 1937 Ass. to Research Corp. 


U. S. 2,218,349 Oct. 15, 1940 B. R. Buchman 

Ass. to Research Corp. 


Halogeuo-aceto-propyl alrahol from 
aeeto-propyt alcohol by direct helo- 
genation. 

} 

Composition of matter claims for 
Y-halogcuo-T-aceto-propyl alcohol 
and methods of preparation by 
balogenation of y-aceto-propyl- 
alcohot. 


U. S. 2,218,350 Oct. 15, 1940 E, R. Buchman 

Ass. to Research Corp. 


Method of producing Y-halogeno-y- 
aceto-propyl alcohol by simultane- 
ous hydrolysis and decarboxylation 
of an alpha-halogeoo-alpha-aceto- 
7-butyro-1actone. 


U. S. 2.223.885 Dec. 3, 1940 

U. S. 2.263,014 Nov. 18, 1941 

U. S. 24267.313 Dee. 28, 1941 

B. 490.571 Aug. t7, 1938 

V. 826.067 M6r.22, 1938 


B. H. Buchman 
Ass. to Research Corp. 


W. Scott 

Am. to Wingfoot Corp. 

J, R, Stevens and O. A, Stein 
Am. to Research Corp. 

Research Corp. 


gamma - Halogeno - gamma - aceto- 
propyl esters and their preparation 
by halogenation of a gamma-aceto- 
propyl-estcr. 

Preparation of thiaxoles from 2- 
mercapto-thiaxoles by pyrolysis. 

Productfon of gamma-aceto-propyl- 
ether. 

Procem for the manufacture of y 
belogeno • y - nceto * propyl - alco- 
hol and of atpha-halogeno<«lplta- 
acotiHT-bntyro-iactone from alpha- 
aeeto-y^butyro-laetone. 

4 . Methyl • 6 - bota - hydroxy- 
othyl^thiasole by halogonation of 
a^ha-oceto-btttyrolactone killed 
by cendonsatioB with thio-iorm- 


G. 964,789 Sept. 5,1988 A. Wena 

Am. to Mermc 



VlTAMm B|~tHlAMIN 


m 


Fayimt Nq. Dats Patsmtss 

Sfaterie ^ Ftrt (Continued) 

0. Feb. 17, 1941 H. Andcraegend K. WcstphAl 


G. 

705, 4M 

April 28. 1941 

hyntheeia of the Pyrksidine Part 

U. S. 2,158.016 

April 4, 1989 

U. S. 2.184,964 

Dec. 26. 1989 

U.l 

S. 2.194.190 

Mmr. 19. 1940 

U. S. 2,220,248 

Nov. 5. 1940 

B. 

478.998 

Jan. 28. 1988 

G. 

675,881 

May 20, 1989 

F. 

822,583 

Dec. 31. 1987 

U. S. 2,285,638 

Mar. 18. 1941 

O. 

667,990 

Khv.24. 1938 

B. 

478,198 

Oct. 4,1987 

G. 

670,095 

Jan. 11. 1989 

F. 

819,596 

Oct. 21, 1937 

B. 

475,507 

Nov. 19, 1987 

B. 

475.559 

Nov. 19. 1987 

G. 

671,787 

Feb. 15. 1989 


B. 

486,414 

June 

2, 1938 

B, 

496,788 

Dee. 

2,1988 


Am. to 1. G. 


K. Weitphel eiu} H. AnderMg 
Am. to I. G. 


R. R. Waiiems 
Am. to Research Corp. 

G. A. Steio 

Am. to Research Corp. 


R. R. Williams 
Asa. to Research Corp. 

M. Holler 

Am. to Hoffmann-LaRoche 


O. Hromatka 
Am. to Merck 


H. AnderMg and K. Westphal 
Am. to 1. G. 


Hoffmann-LaRoche 


Research Corp. 


Merck 


AMnACT 


Methyl ^ 5 - beta * hydfoay* 
ethyl<itkiasale from gaoMMeeto* 
gamma • helogeno • propyl oom- 
jKmsds and thioformamide, fel- 
lowed by aaponiflcatlon. 

- Methyl - 2 - alkoxy - 2 • halo- 
geno-tetra-bydro-furane from 1- 
aceto - 1 - helogeno - 1 « alfcony* 
ithyl-acetone and a mineral add. 


2 • Methyl - 5 • amino - methyl • 
amino>pyrimidine and derivatives. 

2 - Methyl - 5 • chloromethyl - 9- 
.mtno>pyrimidine from the corre- 
sponding 5-alkoxy compound. 

2 - Methyl > 5 » methyl - 4 - halo- 
geno-pyrimidines. 

2 • Methyl - 4 - amino - 6 - thio- 
formyl - amino > methyl • pyrirnUUne 
and its manufacture from 2-methyl- 
4 • amino - 5 - amino - methyl- 
pyrimidine di-hydrochloride eml 
potassium di-thioformate. 

2 - Methyl » 4 - amino - 6 • cyano- 
pyrimidine from amino-methylene- 
malonitrile and acetimino-ethyl 
ether. 

2 - Methyl - 4 - amino • 6 - amino- 
methyl-pyrimidine from aoetami- 
dine and formyl-malonic ester. 


6-hydrosy-pyrimidine derivative 
and elimination of the 6-liydrogyl 
group vie the chloride. 

Manufacture of 2-methyl-4-ainiao* 
5-cyano-pyrimidlsie from acetlmino- 
ethyl-ethcr and aasino-methylenie- 
malonitrile. 

2 • Methyl - 4 - amino - 6 - bydroiy- 
methyl-pyrlmidine by condensation 
of acetamidine with formyl-beto- 
ethoxy-IMropiooic ester, followed by 
chlorinatton and replacement of the 
chlorine fcy an amino lyoup. 

2 - Methyl - 6 - chloro - methyl -4- 
emino-pyrimidine from the o etio- 
spQOMling 6-a]kony-compo«nd by 
hardrogeit chloride. 


1. G. 4 - Amino - 5 • hydroxy - alkyl- 

pyrimidines from the corr e sponding 
5-amino-oompooads by nitrottS 
acid. 

H. Andermg and K. Westphal Synthesis of 2-methyl-4-amittO- 
Am. to I. G. methyl-pyrimidine by condensation 

of acetamidine with elphe-cyano- 
sttccinic ester to the correspo^ing 


422,981 June 20, 1940 
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PATBHT INOBX 


Patkkt No. 

Datk 

PATsinrsB 

AnSTKACT 

SiitthMii of the PyrimiJine Pert (CeelieiMi) 


B. 638J43 

Attg. 14. 1941 

Chinoitt Gyogyaaer es Ve- 

2 - Alkyl < 4 - amino • 5 * carbal> 



gyesxeti Termekek 

boxy-pyrimidlnes from alpha-cyano* 
beta>«niidittO-acrylic add esters. 

G. 670,685. 

Jea. 28, 1989 

0. Kromatka 

2 - Methyl > 4 - amino > 5 • eyaao- 


Am. to Merck 

pyrimidine from alkosymethylene* 
malonic add derivatives, ammonia 
and acetimido-cthyl ether. 


Doflvetivee ead BtUiietioa 



U. a 2,188,828 

Jen. 80, 1940 

H. Tauber 

Synthesis ot cocarbosylase from 

G. 704,172 

Mar. 25. 1041 

Ase. to Merck 

vitamin Bi, pyrophosphate and 
phosphoric acid. f 

U. S. 2.205.807 

June 25. 1040 

J. Bjorksten 

Composition of matter claims for 
vitamin Bt and biotin in u solution 




of a pH below 4.5, for tw thiaxole 
and pyrimidine parts of tlm vitamin 
Bi molecule either separately or to- 
gdher in the presence of b^tin at a 
pH between 2 and 4.5 as plant 
growth stimulants. 

U. S. 2.224.174 

Dec. 10. 1940 

J. Weijlard 

Puridcation of synthetic cocar- 



Ass. to Merck 

boxylase from vitamin Bi by frac- 
tional predpitation of the silver 
salts at various pH. 

G. 663.588 

Attg. 9.1938 

K. Lohmann and P. Schuster 
Ass. to I. G. 

Isolation of cocarboxylase. 

1 

Swed. 64.746 

Feb. 22. 1989 

H. V. Euler and R. Vestin 

Vitamin Bi-phosphate by ensymatic 
phosphorylation of the vitamin. 

Swiu 197,717 

Aug. 1. 1988 

Hoffnuum-LaRoche 

HCl salts of vitamin Bi by precipi- 
tating a picrate and converting the 
latter to the HCl salt. 

VITAMIN Br-RIBOPLAVIN 

leoletloa 

U.S. 2,180,857 

Dec. 13, 1938 

H. F. Sdbert 

Precipitation of ribodavin in mix- 



Ass. to S.M.A. Corp. 

ture with a predpitation of lead sul- 
dde, followed by extraction of the 
dltered suldde. 

V. S. 2.175.014 

Oct. 3. 1930 

h, E. Booher and L. T. Work 

Isolation of ribodavin from adsorb- 
ates by elution with water, alcohol 
or acetic add, prefmnbly at an ele- 
vated temperature. 

U. 8.2,186.814 

Jan. 9.-1940 

S. Aasbadicr, O. B. Flaoi*^ 

Extraction of ribodavin adsorbates 

• 

fan and Q. C. Supplee 

Ass. to The Borden Co. 

with aqueous acetone. 


GrS.2>li8>008 

Jan. 28.1940 

8. H. Lassen 

Isdation of the vitamins of the B- 

Ass. to P. R. Park, Inc. 

eomplex and espedally of vitamin 
Bs from dsh press water. 



U. 8. 2422,806 

Nov. 19, 1940 

1 

d 

< 

Stnittltaneoos production of alcohol 




for bourbon and rye whiskids and a 
ribodavin-oootainittg material from 










U. S. 2^89^85 


524.445 


B. 524.515 


<•. riti7.80<{ 


;<*p. 110.820 

SyotliMis 
U. S. 2.155.565 


U. S. 2.238374 
B. 441.692 

F. 792.070 


U. S. 2.201 .008 


Aug. 7. 1040 


Aug. 8. 1940 


Nov. 21, 1938 


May 17, 1935 


April 25, 1939 


April 15. 1941 
Jan. 20, 1936 
Dec. 21. 1935 


Nov. 4. 1941 


457.984 


Dee. 10. 1936 


N. V. Organon 


N. V. Organon 


K. Feudenberg 
Ass. to 1. O. 


W. Nakahara and B, Inukat 
Ass. to R. Kenkyujo Co. 


P. Karrer 

Ass. to Hoffmann-LaRoche 

R. Kuhn 
Ass. to I. G. 


M. Tishler and J. W. Wellman 
Ass. to Merck 


Hoffmaau-LaRoclie 


f.* ^ **” ** B. (rib^flwW 

from concentrates by ore- 
cipitation of jnqnirities in an aee« 
tone-water solution with ethyl alco- 
tol. f^lowed by ether extraction, 
prwipitotioa of foreign matter with 
crystalliaation 
tSr **** acetone solu. 

®®Pa*’ation of riboflavin from its 
phosphoric acid ester by elution of 

*?*i.**^*?S***‘* ^ »“b*t«nces 

wiw a dilute aqueous solution of an 
amine or acid amide, or by selective 
adsorption of riboflavin from a di- 
lute solution of an amine or acid 
amide. 

Process for the separation of ribo- 
flavin from its phosphoric acid ister 
by distribution between' watery a 
^ater-immlscible solvent, such as a 
phenyl substituted aliphatic alcohol 
or a mixture of a phenol with an ali- 
phatic alcohol or a mixture of a 
phenol with a^ hydrocarbon. 

Elution of physiologically active ad- 
sorbates from metal sulfides by oxi- 
^tion of the sulfides, e. g,, with 
HtO*. 

Concentrate of vitamin Bt by ad- 
sorption followed by ensyroatic di- 
gestion of the adsorbate. 

l^uct claims for 7-methyl, (or 7- 
«IkyI-) 0*(d.r-ribityl)-iso.allox. 
axine. 

Synthesis of vitamin B» and of other 
iso-alloxasine derivatives by con- 
densation of alloxan with N-mono- 
substituted aromatic o-diamines. 
especially in acid solution and in the 
presence of boric acid. 

Synthesis of riboflavin by reductive 
eradensation oftetra-acetyl-ribono- 
nitrile with 4,5-dimethyl-attiUae, 
^Pli^ with para-aHro-phenyl^ 
diaxonium chloride and reduction to 
N - tetra - acetyl - ribityl - amino- 

2-amino-4.5-diniethytbensene fol- 
condensation with 5,5- 
dichlorotet^turic acid and BnaJ 
hydrolysis. 

I^ocess for the manufacture of iso- 
alloxasine derivatives which con- 
sirts in cottdensiiig devivntlves of o- 
phcnylenedtamitte. wldeh Wfn nt a 
hydroxylated alif^tie side 
sotted to u, aabto 



PATEMT IKDttX 


pATSfcr No. I Oath 


SynlhMif {Comt^nud) 

Swim t8r,m I Mmr, 1, 1987 HoffaMfltt.LARoeht 


IntmMdCfttvt for tho SyBfhoiii 
a S. 2,152,602 Aprit 4. 1089 P. P. Phelpa 

Am. to the Oovertuneiit of the 
Uolted States 

U. S. 2,159.604 May 23, 1939 W. B. Lawsoa and C. P. 

Spaeth 

Am. to DuPont 

U. 3. 2.198.438 Mar. 12, 1940 P. L. Salaberg j 

Am. to I>uPoat 


U. S. 2.237.074 April 1. 1941 P. Karrer 

B. 457.178 Nov. 23. 1936 Am. to Hoffmann-LaRoche 

G.* 677,815 June 27, 1939 


6 - Mothyl - 9 - (d . rIbRyl) - 
alloaaaine by eoadensatioo of 4- 
methyl - 2 • amino - phenyl - rlfan- 
mine with alloxan. 


Manufaeture of ribose by hydroly* 
■is of nucleic adds. 


N - Ribityl - 6 - nitro - 3.4 . xylidine 
from ribitylamine and ^nitro4l,4- 
dimethyl-clilorobensene. 1 

Composition of matter claims for K* 
ribityt>8.4>xylidine and proceM of 
preparation from 3.4-xylUine and 
ribose followed by hydrox4matioo. 

1 > Ribitylamino - 2 • amino - 4,5> 
dimethyl'bensene from N-ribityl- 
8,4-xylidine by coapliag with a di- 
asonium salt followed by reduction 
of the axo dye. 


V. S, 2,250.999 July 20. 1941 R. Pasternack and K. V. 

Brown 

Am. to P6xcr 


Composition of matter claims for 
tetra • acetyl • (8.4 - dimethyl* 
phenyl)-ribityl*amine and tetra* 
acetyl * (3,4 - dimethyl - 6 - car* 
bethoxy • amino - (Aenyf) • d* 
ribityl-amine and proceM of maklag 
these compounds by condensation 
of tetra-acetyl-d-ribose with an aro* 
nwtic amine followed by hydrogana* 
tion. 


461.245 Feb, 8. 1937 

642,148 March 4. 1937 


O. 664,0<8 Aug. 19, 1988 
Continuatim of 

642,148 


G, 664.439 I Sept. 1, 1938 
Cootinuaticm of] 

642,148 


G. 679,001 July 27, 1989 
Continuatioa of 

642,148 


]Mdm4ivoa iAd 

U. & 2,068,628 I Jan. 19. 1937 


II. a 241^491 Mar, 15, 1988 

B. 451,98# Attg. 10. 1988 

G« 086.791 Oet. 28, 1988 

MTjm me. 7, 1987 
F, 809J84 Mar. 11, 1987 


R. Kuhn and R. StrObetc 
Am. to I. G. 


R. Kuhn and R. StrObele 
Am. to I. G. 


R. Kuhn and R. StrObete 
Am. to 1. G. 


R. Kttbn and R. StrObele 
Am. to I. G. 


O. Warburg 
Ass. to Sdi^ng 

R. Kuhn, P. Woygand and H. 
Rudy 

Am. to Wittthrop 


Condensation of sugars with ortbo* 
n{tro*amttnes, followed by reduc- 
tion. 

Reduction of acyl-derivativcs of 
condensation products irf ortbo* 
nitro-anilines and sugars followed 
by sapooi6catien. 

Condensation of ortho-nitro-ani* 
lines with sugars in the presence of 
ammonium baltdes or amine-hydro- 
gen halides. 

Redaction of the condensation 
products of ortho-aitro-anilines and 
. sugars in the presence of borates in 
slightly alkaline solution to the cor- 
responding pbenylene diamines. 

Isolation of the ydlow oxidation 
ensyme from yeait. 

Piieparatinn of 5'-phosphorie acid 
ester of vitamia Bit. 









Patmt No. 


Datb 


Pataiitmi 


a «M, 7 <n 

o. ^’£i| I &? H- }“* o- w«b«„ 

Ca«tl««Si?rf r^®’**-**** AM.toSch«to* 

o. osa^iss [ 

4U.m June 7, 1984 *““>«« Ul'y 

o. SJ5S 

P. 7S5.490 Aug, 10, 1935 
B. 4S5,7I8 Nov. 18, 1939 I , q 


o. Wi j:^U: \m 


O. 832,181 July 8, 1988 R. Kului and H. Rod-. 

Asa. to 1. G. 


632,300 July 7. 1080 Scheriag 


G, 083,802 July 25. 1936 H. T. Theorell 
^ Ass. to Sehering 

S;.utaSf“.f| 

033.302 

cintiu^!&L*tlj ‘®“ I 

G. 88B,S» 

G. 686,708 I jua. 194 q Auhugen 
' Ass. to I. G. 

o. 887,197 I JMI. 14, 1940 abu 


Si-.. **t*« y:l »0. 1940 «. Auhaten 

S""”*""* ••I I Aw. to 1. G 

G- mMi I *w. w 1. 1, 


Ab«TSA€T 


Wat« selotioas of vitamia Bt usiaa 
Xc^oddla tho fbn toZdS 
•«>«• to 1? 

OKAse the solubility. 

”?**« * !* yrtlow oihUtioa 

Jwnw^th Mdium hydrdald* at 
C. to produce lumi-lacto> 

WUmin % is added to preparatloas 
wTenSl ^ pernicious 

Preparatlou of the yellow oxidation 
ferment by preeipiution in aqueous 
solution at pH 4 in the presence of 
an acetate buffer. 

Purification of the yellow oxidation 
r^rnent by adsorption, followed by 
eltttnation with solutions of weakly 
alkaline reacting phosphates. 

Decomposition of vitamin Bi during 
sterilisation is restrained by adding 
usea and an acid. r. g., HCI. to ob- 
Uin a pH below 5, which pH after 
sterilisation is between 5 and 7. 

Manufacture of a diacetone>vitaain 
Bt. 

Ribofiavin phosphoric acid estCv 
from the yellow oxidation ferment 
from aqueous yeast extract. 

Riboflavin phosphoric add ester 
from the yellow oxidation ferment 
by treatment with methanol. 

Purification of the riboflavin-phos- 
phorlc acid ester by conversion into 
an alkali>earth salt. 

Cleavage of the yellow oxidation 
ferment with sodium hydroxide. 


Soitttion of vitamin Bt in mono-AT* 
alkyl derivatives of amides of lower 
fatty acids. 

Preparation of vitamin Bt'— pfaos- 
lAoric acid ester by idmaphoryta- 
boo of the vitamin by «»— qf 
phosi^atases ftom the mueons 
membranes of the Intestines (in the 
presence of phosphates) and in the 
prasance or abeenee of compounds 
of the adrsnel cortex. 

Solutions of vitamin Bt in wnter 

n^ piMOot. or polyphennl^lMc 
acid ealts to i nri ae ss the selnhUity^ 
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VITAMIN Br-*Fmi>OXIN 


Patekt No. 

Date 

Patemtsb 

* Aestbact 

U. S. 2.248,078 
B. 584.010 

July 8. 1941 
Met. 21. 1941 

1 

S. A. Harris 

Ass. to Bierek 

j 

Ssrathesis of vitamin Bt by reacting 
atbosyacetyl'acetone and eyano- 
aeetamide to form 8-«yano-4- 
etboBy*methyl-6-iBcthyl - pyridmie* 
2. hydrolysing to form the lactone of 
8 • carboxy - 4 - hydroxymethyl • 6- 
methyUpyridone>2, treating with 
nitric acid, chlorinating and reduc- 
ing to form the lactone of 3-car- 
boxy - 4 - hydroxy - methyl - 5- 
amino-6-methyl*pyridiM. diasotis- 
ing to form the lactone ca 8-carboxy- 
4 - hydroxymethyl - 5 > aydroxy • 6- 
methylpyridine and rmueing the 
latter compound to foim vitamin 
B«. \ 

U. S. 2,250.396 
G. 699,566 

July 22. 1941 
Dec. 2. 1940 

W. Salser 

Ass. to B^iithrop 

Synthesis of vitamin B« by degrada- 
tion of 8-alkoxy-quinalajine-4-car- 
boxylic acid. 

U. S. 2.261.188 

Nov. 4. 1941 

J. V. Scudi 

Ass. to Merck 

Boric acid salts of vitamin Bt. 

U. S. 2.266.764 

Dee. 28. 1941 

S. A. Harris 

Ass. to Merck 

Catalytic reduction of 8-cyano-4- 
ethoxy - methyl • 5 - nitro - 6 - 
methyl-pyridone-2 and acetylation 
of 8-cyano - 4 - ethoxy - methyl - 6 - 
amino-6-methyl-pyridone. 

It. S. 2 p296,167 

Sept. 16. 1942 

Ass. to I. G. 

Fat soluble derivatives of/ vitamin 
Bt by acylation. 

B. 634.917 

Mat. 21, 1941 

Ass. to Merck 

The vitamin Bt base from its hydro- 
chloride. 

B. 636,249 

May 8. 1941 

Merck 

2 - Methyl - 3 - methoxy - pyridine- 
4,5-dicarboxylic acid ester from the 
corresponding acid by esterihcation. 

B. 538.000 

July 16. 1941 

Merck 

Lactones of 2-metbyl-8-alkoxy-4- 
hydroxymetbyl - 5' - carboxy - psrri- 
dine by alkylating the lactone of 2- 
methyl - 3 - hydroxy - 4 - hydroxy- 
methyl - 5 - carboxy pyridine. 

O. 684.975 

Dec. 8. 1939 

R. Kubn and G. Wendt 

Ass. to t. G. 

Isolation of a vitamin Bt-protein 
symplex from animal or plant ma- 
terial. 

O. 702B29 

Feb. 17.1941 

K. Westphal and H. Andersag 
Ass. to I. G. 

Vitamitt Bt by degradation of 8- 
methyl-4-alfcoxy-isoquinoline. 

O. 702,880 

Feb. 17. 1941 

K. Westpbal 

Ass. to 1. G. 

2 - Methyl - 3 - methoxy - 4.5 - bts- 
amiao-mcthyl-pyrimidine from the 
corresponding 4,6-dinitrile by cata- 
tsrtic reduction. 

G. 704,761 

April 7. 1941 

K. Westpbal 

Ass. to I. G. 

Synthesis of vitamin Bt by the ac- 
tion of nitrous add on 4.6-bis- 
amino-mcthyl-methoxy-pyridiae. 


VITAMIN B« 



Oct. 9, 1984 

C. L. Lautsnsehl&ger and F. 

Prodnetioa fd nnisde adenosine 

m, mi» 

Aitg. 8.1988 

Lindner 

phdQdmric add from SFsnst adeno- 

.. ' 


Ass. to Winthrop 

fline triphosphoric add by hydm^^ 
sis. 













NXCOTXKIC ACID 


Patbnt No. 

DATS 

Patshtbs 

Amtsact 

U. S. 2.098,m 

Nov. 16. 1937 

S. L. Rttskis 

Ass. to F. R. Rttsklo 

Solutions or tablets for RlMMaoMi- 
tical «Ms eoniprising IsoConie sbtit* 
tions of eonipoiuids of an Moled 
nucleotide sHeh as a^eayUe add sad 
Hg. Ca. Fe, A», Ag. or At. 

B. 396.647 

Aug. 10. 1033 

I. O. 

Alkali metal salt of adeayl«pyfo- 
phosphoric add. 

B. 418.480 

July 19, 1984 

I. G, 

Muscle adenylic add Mo nutselS 
adenyl-pytophosphoric add by hy* 
dfoly^ with an alkaline earth metal 
hydroxide. 

B. 426.856 

C. 038,418 

April 10. 1935 
Nov. 14. 1936 

Cibs 

Nucleotides, s. f adenytic add. are 
ecylated. 

G. 591.926 

Jan. 29. 1934 

C. L. Lautenschlggcr sad P. 
Lindner 

Ass. to 1. G. 

Isolation of adenosine-phoepboric 
add by bydrolysb of yeast extracts 
containing adenosine>triphosphorie 
add. * 


NICOTINIC ACID 


U.S. 1.403.117 
B. 184.625 

G. 351.085 

Jan. 10. 1922 
Sept. 14, 1922 
April 3,1922 

M. Hartmann and M. Sd> 
berth 

Asa. to Ciba 

Product claims for dtalkyl amides as 
medidnals. Procem claims reac* 
tion of nicotinic add halide and a 
salt of a dialkylamine. 

V. S. 1,611.978 

Dee. 28. 1926 

R. Wolffenstdn 

Terpene alcohol esters of nicotiaifi 
add. 

U. S. 1.617,832 
G. 441.707 

Feb. 15. 1927 
Mar. 10. 1927 

M. Hartmann and M. Sd- 
berth 

Ass. to aba 

Manufacture of pyridine-8«car> 
bosylic add amides, substituted in 
the amide group, by reaction of a 
quinolinic Md anhydride with a 
secondary amine followed by decar- 
boxylation. 

U.S. 1,988,253 

Dee! 5, 1938 

M. Hartmann and M. Sd- 
berth 

Ass. to Ciba 

Addition product of nieotiaie add 
and iu derivatives with water- 
soluble salts of alkaline earth met- 

•Is. 

U.S. 2,136,501 

Nov. 15, 1938 

M. Hartmann and L. Panis* 
son 

Ass. to Ciba 

Mercuric - N - propyl - nleotitv 
amides. 

U. S. 2,186.503 
Division of 

U. S. 2,186.501 

Nov. 15, 1988 

M. Hartmann and L. Panix- 
son 

Ass. to aba 

N-substituted nicotinamide mer- 
curic compounds. 

U. S. 2,141,128 

Dec. 20, 1938 

H. v. Buler, K. Albers and F. 
Sehlcnk 

Am. to B. Bilhuber 

Puri&cation of eodebydmgenase 1 
by predpitatioB srith barium 
hydroxide and fractional adsorption 
on alumina. Also by predpitatioa 
with a monovslenl oopyer halide 
fsftlowed by predpitetioa with bar- 
ium hsrdroxitk. 

U.S. 2,146399 

Feb. 14,1989 

P. Karrer 

Am. to Hoffmann-LaRoche 

Manufacture of S-cerboxyUe add 
amidee of neetylated N-glycoeido 
pyridMm-faromide. 









PATENT INDEX 


Fatsmt No. . 

DATS 

pATammi 

AntTnaer 

U. 8. 2408*844 
B. 802*780 

F. 884*042 

F. 

824*042/40*105 
(1st add.) 
F. 

824*042/40*840 
(2aii add.) 

Jaou 28* 1040 
April 12. 1080 
Jan. 81. 1088 
N«y.38. 1088 

Aug. 8. 1030 

G. A. Laagloisaad A M. Da- 
loiaon 

Asa. to Fabriques dc Prodults 
de Chimie Orgaaique da Loire 

MorpAolinc amide of idcotiiiic arid. 

V. 8.2*288*410 

Mar. 4* 1041 

B. B. Moore 

Aas. to Abbott 

Composition of matter ctaima for 
straigkt ebnin aUphatio asaine salt 
of nkiotittift arid for pamtaral In- 
jeetiott. 

B. 

254*747 

Dac. 20. 1014 

Ciba 

Dialkylamidaa of nieoti^ arid. 

B. 

O. 

F. 

450*051 

663,878 

701*788 

July 0*1080 
Kov. 18. 1037 
Dae. 17. 1085 

K. Pricker 

1 

1 

Synthesis of N-substitutad amides 
of pyridine-carbosylic aicUs by coo- 
dansation of the arid wiu second- 
ary aliphatic or cyclic amines in the 
presence of phosphorous mentoxide. 

G. 

620*810 

July 11. 1081 

Knoll. A. G. 

Purlfieatioo of cosymase^by pre- 
! ripitation with picric arid followed 
by decomposition with silicotungt 
aUc arid. 

o. 

544*880 

Mar. 12. 1081 

aba 

Double compound of nicotinic arid 
with salts such as CaCIt* MgCU* etc. 

G. 554*008 
Cootiauation of 
O. 520*810 

July 4, 1082 

1 Knoll, A. G. 

Purification of eoaymase by precipi- 
tation with aluminum sulfate and 
i decomposition by means pf phos- 
1 pboric arid. The cosyatasa ob> 

1 uined is further purified according 
to G. 620.819. 

O. 

008,788 

Oct. 0*1084 

aba 

Urethanes of nicotinic arid. 

G. 

054*000 

Jan. 8*1088 

O. Warburg and W. Cbristian 
Aas. to Sekering 

Isolation of codehydrogenase 11. 

G. 

G. 

007,000 

008*888 

Mar. 14* 1080 
Mar. 22* 1080 

H. Albert and F. Sebtank 

Aas. to 1. G. 

Cosymasc. 

F. 

840*010 

Nov. 25. 1080 

Aas. to G. Henning 

Ensymatk aynthesii of muarie 
adenylic arid and of cosymase from 
adenine. 

Hung. 

110*083 

June J, 1034 

Cbinoin Gydgysscr cs Vag' 
yasacti 

Free nicotinic arid is heated with 
substituted carbamyl riiloridca. 

Buss. 

85*880 

April 80. 1034 

1. L. Knunyants and M. M. 
Katsneraon 

Dialkyl amino ethyl esters of nko- 
tinic arid. 

Buss. 

44*554 

Oct. 81* 1085 

Y. L. Ooddfarb. 

Preparmtiott of 2-naphthy1*aiootin* 
ate. 



PANTOTHENIC ACII^ 

u, It, ajWMiw 

M«r. It, t»4l 

M. B. Moore 

Asa. to Abbott 

Synthesis of paatotheric acid from 
beta-alanltta and alpha* gantma- 
dlhydrony-bcu* beta* dimethyl *n- 
butyric arid or alFha-hydrany-beta, 
bata - diflMthyl * famasa * batyio- 
lactone. 

u.8.a,mjn 

Mb. 

H. K. MiMMl 

Asa. to Rasaarcb Cotf- 

Pcoduetkm of pentothenk arid 
anelQBBMie havtog In tha beta poei- 
rioo af the bnty^ arid part ana or 
two methytol groupe. 









VITAMIN C 




m 


IPATKirr No. 

DATS 

PATSifTBB 

Asksact 

B. m,m 

ABctt20» 1941 

Merck 

SjrBtkeeie of pestotlMMic «qM tqr 
condesMtiim of bfto*«lssitte or s 
■Alt or oiter thereof with otpho^ 
hjrdfoxy • bete, btU • aiSMtiqrt* 
genoiA-btttyrolACtooe or the eoms- 
pooding hydrosy* or keto-edd. 


INOSITOL 


U. 8. 1,073,989 

(AieoSwiit 

88.469 

Sept. 9,1913 

Jooft 5,1912 

B. Preiiwerk 

Aw. to abA) 

IroB sAlts of iooiitoLpheiphoik 
Add Absorbed ob AlbuBiiB. 

U. S. 1.731,214 
B. 808,408 

July 18. 1929 
Jab. 84. 1928 

1 F. Goedecke 

DietAry compositloB eoatAlaiaf 
vitABiins And inositol hote^wo* 
phAte And its CA^ts from the lABM 
plant source. 

U. S. 2.112,658 

Mat. 29. 1938 

B. Bertow end W. W. WAlker 

Inositol from phytin by doeomposi- 
tion with CA(OH>t. 

B. 218,983 

Mat. 28. 1938 

G. Bruai 

Methoxyinosityl pentAphosphnCt. 

G. 884.040 

Dec. 8.1930 

P. Pitchier 

Isolation of Alkaline earth salts of 
inositol tetraphosphate. 

Swiss 91,727 

Nov. 18. 1921 

S. PAsterBAk 

InositolpolyphosphAte by phot* 
phorylation of inositol. 

SwiM 141,523 

Doe. 8,1928 

CriiUllo. A. G. 

Extraction of CA-inositol-hexaphaA* 
phate and vitamins from vegetable 
matter. 


VITAMIN C 


iMlAtiOB 

U. S. 1.488,251 
B. 193.881 

G. 417.020 

F. 

Add. 28.034 
and 27.271 

toP. 582.898 

Sept. 18. 1923 
May 6, 1924 
Aug. 8,1925 

L. A. Agopian 

Bxtraction of vitaaiitts from fresh 
plant juices to which organic adMb 
have been added. 




U. S. 1,745,788 

Feb. 4,1980 

C. Funk 

Antiseorbutic vitamin from lemoB 
Jttice by pradpitatioa aa lead salt. 

U.S. 2,078,237 

April 27. 1937 

O. Dalmer and H. Wieters 

Aw. to Merck 

; Isolation of ascorbic add from 
gladiola leaves. 

U. 8.2,288.417 

Mar. 4.1941 

C, G. King and W. A. Waugh 

Isolatton of vitamin C from temon 
juice. 

B. 188,183 

Oct. 9,1919 

aba 

Vitamin C preparations from vage* 
toble materials by adding adds M 
•tabiSssrs and conoantratlBS tkc 
mixture. 

B. 188,908 

B, 288.855 

O. 415.818 

P. 883.898 

Mar. 8. 1928 
April 7, 1927 
Juba 19,4936 1 
Feb. 2. 1922 

L. A. Agopian 

Preparatioh of vitamine from fresh 
plaat juices by predpitatioa with 
salts of heavy metals and by 
evaporatioo in the abeesce of ahr. 
Batraetioa of the vitamiBs with 
sttiuble adveBta. 

B. 278«878 

p. mm 

Jime 18. 1927 
Oct. 5.1925 

L. A. Agopiaa 

Pure vitamia C from plBBt jitiqei by 
pccdpitetioB with lead salts and 




Boetooe. 













PATENT INDEX 


Patbmt No. I 

DATS 1 

Patbwtbb 

lanigttott (Comiwaud) I 


O. 

397,686 

June 27, 1924 

G. Bichelbaum 

G. 

6374»» 

ort. ar. mt 

K. L. Lautenschlfigcr and F. 
Lindner 




Ass. to 1. G. 

G. 

661,176 

June 14. 1988 

K. L. Lautensehl&ger and F. 
Lindner 

Ass. to 1. G. 


P. 

830.539 

Dee. 10. 1989 

Etablissements Byla 

F. 

852,081 

Mar. 7.1940 

fttablissements Byla 

Hung. 

108.184 

Feb. 1. 1934 

Ass. to Chinoin Gyfigysxer 

Russ. 

48.318 

Aug. 31, 1936 

A. A. Schmidt and K. S. 
Tutschinskaja 

Syntheda 

U. S. 2,0fid,126 

Sept. 29, 1936 

T. Reichstdn 

B. 

423.108 

Mar. 8.1933 

Ass. to Hoffmann-LaRoche 

G. 

624,309 

Feb. 11. 1936 


F. 

770A16 

Sept. 21. 1984 


U. S. 2,068,453 

Jau. 19. 1937 

B. Helferich and O. Peters 

B. 

460,586 

Feb. 1,1937 


G. 

637.448 

Oct. 29, 1086 


U. S. 2.073,207 

Mar. 9,1937 

W. N. Haworth, B. L. Hirst, 

B. 

443.901 

Mar. 2,1936 

J. X. N. Jones and P. Smith 

F. 

794.221 

Feb. 11,1986 

Ass. to British Drug Houses 

U. S. 2,129,317 

Sept. 8, 1938 

P. Eiger 



Ass. to Hoffman-LaRoche 

U. S. 2.150.191 

May 23, 1939 

W, Wenner 

B. 

461,700 

Feb. 24, 1937 

Ass. to Hoffmann-LaRoche 

O. 

641,689 

Feb. 18,1937 


F. 

806.926 

Dec. 29. 1936 


V. S. 2,160,621 

May 30, 1939 

H. Ohle 

B. 

430,284 

June 17, 1933 


o* 

648311 

Aug. 20, 1937 


U. S. 2,163,151 

July 4,1939 

R. Pasternack and P. P. 

B. 

521.881 

Mny 81» 1940 

Eegna 

Ass. to Pfixer 

V.aS4«5.1M 

July 4, 1989 

R, Pasternack and P. P. 



Regna 

Ass. to Pfiser 


*,i79.9rr 

Nov. 14, 1939 

P. Blger 

} ' 



Ass. to Heffmann-LaRoehe 


Autkact 


Aatiacorbutic caldum {veparation 
from fruit or plant juicei by the 
•dditioB of calcium hydroxide. 

leolation of ascorbic acid from 
leaves of plants of the Polygonaceae 
family. 

Improved method of isolating ascor- 
bic add by soaking plant material 
in solutions of strong adds and fur- 
ther processing according to known 
methods. I 

Vitamin C concentrates m purified 
by dialysis in add solutsM. 

Vitamin C extraction from agaves 

Purification of vitamin C-contaia* 
ing adueous plant extracm by prv- 
dpitation with lead ana barium 
salts. 

Concentrate of ascorbic add from 
j hips. 


l-Aseorbtc add from i-xylosone by 
condensation with hydrocyanic add 
followed by hydrolysis. 


Vitamin C by condensation of gly* 
oxylic acid ester with f-threose. 


Ascorbic add is prepared by oxidis- 
ing /-sorbose with nitric add to 2- 
keto-/-gulonic add and enolixing. 

Ascorbic add by add treatment of 
2-keto-/-gulonic add, its ester or 
diacetone-compound. 

Ascorbic Add from bis-methylene 
ethers of 2-keto-/-gulonic acid or 
diaeetone-2-keto-/-gulonsc add by 
means of adds at elevated tem- 
peratures. 


Ascorbic add from 2-keto-gulonic 
add by basic agents. 


/-Ascorbic add from esters of 2- 
kcto-/-gulottic add by treatment 
with a metal, s. g., iron, nickel, co- 
balt, manganese, cadmium and 
dne^ in aqueous solution. 

/-Ascorbic add from esters of 2- 
keto-/-gulonic add by treatment 
with magnesium In water and alco- 
hd or dtoxane solution. 

/-Ascorbic add from 24teto-/* 
gutonie add or derivatives thereof 
. by add trtatment In a mixture of 
aleohd and chloroform. 







VITAUm c 


PATSMT No. 1 

Datb 

Patbnteb 

AaeTBACT 




U.a24f9;978 
O. 704.760 
G. 073.485 

Nov. 14. 1989 
AprB 7. 1941 
Mar. 2,1939 

F. Blger 

Ait. to Hoffauiaa-LaRoebe 

f*Aseorbie add from 2oketo«t- 
fuloaic add or its aBcyl esters by 
beating in the presence at an alludi 
salt of a weak add la aahydioiss 
alcobbl. 

IT. S. 2.185.383 
B. 516.115 

Jaa. 2. 1940 
Dee. 22. 1939 

R. Pasternack and G. O. 
Cragwalt 

Ass. to Pftser 

l-Aseorbic add from 2*ket04* 
gulonic add by the action of gladal 
acetic acid and a mineral acid. 

U. S. 2.180.830 
G. 676.011 

Pdb. 13.1940 
May 24. 1939 

O. Zima 

Alt. to Merek 

/•Ascorbic add from diacetone-2- 
keto-gulonic acid by add treatment. 

U. S. 2.189,778 

Feb. 13.1040 

O. Dalmer and K. Heyns 

Ass. to Merck 

/-Ascorbic add from sorbose by 
cataljrtie oxidation followed by add 
'treatment. 

U. S. 2.190,167 
G. 684.725 

Peb. 13. 1940 
Dee. 4,1939 

O. Zima 

Ass. to Merck 

/-Ascorbic add from metbylena- 
ether derivatives or dibeasal de- 
rivatives of 2-keto-/-guk>nic add by# 
treatment with concentrated HCt. 

U.S. 2.206.874 

July 2.1940 

f . Stone 

Ase. to Wallerstda Co. 

Ascorbic add from oeoaes plus 
hydrocyanic add, the osone bdng 
prepared by oxidation of sugars 
with cupric ion in aqueous organic 
add solution. 

IT. S. 2,207,680 
Cm. 6a3.054 

July 9. 1940 
Nov. 18, 1939 

B. Helferich 

Ass. to Winthrop 

Ascorbic add by condensation of 
mesoxalic add ester with /-threose. 

IT. S. 2.20.5,121 

Dec. 2, 1941 

T. Reichstein 

Ass. to Hoffmann'LaRoche 

Ascorbic add from /-sorbose sie 2- 
keto-/-gulonic add or methylene 
ether derivative thereof. 

B. 428.814 

O. 673.485 

F. 779.888 

May 20. 1935 
Mar. 28. 1939 
April 13. 1935 

T. Reichstein 

Ass. to Hoffmann*LaRj>che 

Ascorbic add from 2-keto-/-gttloaic 
acid esters by alkali saponification 
followed by lactonisation in add 
solution. 

B. 428.815 

May 20.^^035 

T. Rdehstein 

Ascorbic add from 2-kcto-/-gutonic 
add by add treatment. 

B. 459.207 

Jaa. 4. 1937 

T. Reicbstein 

Ascorbic add from 2-kcto-/-guloaic 
add or its derivatives which are 
easily split with adds, by adds in 
alcoholic solution. 

B. 460.548 

May 31. 1937 

• 

T. Reichsteia 

Ascorbic add by haatipf 2-kcto- 
gulonic add or its derivatives which 
are easily split with adds. 

U. 469.137 

July 20. 1937 

T. Reichstein 

Ascorbic add from 2-k«io-guloiiic 
add by treaUng with alkali salts of 
weak odds and converting the so- 
formed atkiOi aelU of aseorbk adid 
by means of strong adds into 
ascorbic add. 

707.!tt24 
Contiiiyattoa of 
673.485 

Juat 12, 1941 

Noffmann-LaRoche 

Ascorbic add from 2-kete-l-gulonic 
add or derivatives which are hydro- 
lysed eesaty by edds. by txaatanmiA 
with adds in the presence of « ioi- 
vfttt in which the formed aaencfak 
edd is insolitble. 



PATENT mt^X 


PatsmtNo. I 
Isitf for 
V. & 9440.480 
U. 8.2.080.089 
a 428A16 

B. 427.886 

B. 488.071 

G. 800.877 

G. 708.227 

F. 780.058 

P. 48,774 


tho 8f athooio 

Doe. 18. 1988 
May 6.1086 
BCosrOO. 1088 
April 18. 1088 
Get. 2.1988 
Nov. 7. 1940 
Mor. 4. 1941 
ApiiU8.1085 
D«o. 8. 1088 


T. Boklutda 

Am. to HoffauuU'LoRoelic 


U.S. 2.183.311 April 4. 1080 


U. S. 2.187.137 April 0. 1930 


U. S. 2.188.777 Jon. 30. 1040 
B. 534.746 Mar. 17. 1941 


R. Pasteraack and P. P. 
Regtia 

Am. to P6aer 

R. T. Major and B. W. Cook 
Am. to Marek 

R. Paatemack and P. P. 
Regna 

Am. to POaer 


AatraAcr 


I 8*R«to-l>fiilottic acid from lorbOM 
! viaabif-iBatkylaiic-tthtrdiflvadirt 
or aectata of oydie katoaat. by oai* 
dation with panaanganata. 


Oxidation of l-fttliale add to 8* 
kato-i-fgalonie add ny chromic acid. 


and procem 


U.S. 2.100.877 Pab. 18. 1040 O. Dalmarand K. Hayns 
B. 495.080 Nov. 7. 1038 Am. to Marek 
F. 829.236 June 16. 1938 

U. S. 2.194.476 Mar. 20. 1040 R. T. Major and R. W. Cook 
Sac Am. to Merck 

U. S. 2.108.628 April 30. 1940 

U. 8. 2408.628 April 80. 1040 R. T. Major and B. W. Cook 
Am. to Merck 


U. S. 2.207.901 July 16. 1040 R. Paaternack and P. P. 

Ragaa 

Am. to Pdxcr 


U. S. 2.222.185 Nov. 11. 1040 R. Paaternack and P. P. 

Ragna 

Am. to P6xar 


O. 844.660 Feb. 20. 1982 J. Muller and U. Hoffman 
Am. to 1. G. 


G. 627.849 Maiv28. 1986 Hoffmann-LaRoehe 

C. 644.062 May 10. 1087 Hoffmaan-LaRoche 

P. 881447 Jan. 6. 1040 A. Corbeniai 


XyloMaa-tribanxoatM 
for produdttg the mb 


Oxidation of apluble ddonatas to 2- 
keto-aldonatM by nmna of chlo* 
rates in the presence a vanadium 
catalyst. 

2-Keto4>gttlonic add from sorhoM 
by eatdytle oxidation at pH off 
about 6 to It. 

Nitriles of fttUy aeetylatad 2-kcto* 
sugar adds and proceM for their 
production. 

Fully aeetylatad sugM add chlo- 
rides. ^ 

To be used in U. a 2.104.476 

2-tCeto-aldottic add esters from 
atdonic adds by chlorates in the 
preeence of a vanadium catalyst 
and a mineral acid, using non- 
aqueous lower alcohols as solvents. 

2-Keto>aldonic adds by subjoetlng 
an aldonate to anodic oxidatkm in s 
weakly odd aqueous sOtutiott con- 
teining a soluble chromium com- 
pound and a member sdeeted from 
tho group cottsistiog of alkali meul 
end alkaline earth metal chlorides 
and bronddes. 

Manufacture of polyvalent alcohols 
by catalytic reductioa of sugars 
with hydragen.** 

I-Xyloee from d-eoriiitol aceUte by 


2*ICeto4*guloaic add from i-sor* 
boee by direct oxidation with HtOt- 

Tho ncetoBo condeneation product 
of n 2-keto^lecvq<«u1bBlc add b 
heated wirii mothondt mid eitlfurie 
add to form mcihyf edMri with the 
hydmaylgronpeoftliendd. There 
methyl etheri ere of value in the 
ssmehede of leevo-aseorhie erif 
(vitamin C). 




VRAMmC 9il 


Patvmt No. 

D4TB 

Patbmtbb 

AmTmacT 

brtMTflMdlatM i«Nr .titf SfathMii (Coniinutd) 


Siriw I7SW 1 M«y 1, IMS | 

OatiwttM* ud OOUnllM 

T. Reicbtteia 

Preparation of tbe maGiyl cater at 
keto^'hexonie add from tbe Irea add 
with HCi or HiSOi in nmdiaad. 

U.S. IMS, Ml 1 Nov. 2. 1M3 

B. R. Alexander 

Am. to tbe Vitamin Corp. 

ProceM of preserving a concantratad 
viumia extract by inaorporatlan 
to a viumin^preaerving addic 
fruit mam. 

U. S. 2^35458 
B. 439,986 
a 660,708 

Mar, 24. 1986 
Dm. 17, 1985 
June 1,1988 

F. Biger 

Am. to Hoffmann-LaRoche 

Ascorbic acid as stabilixer for nao* 
saivarmn. 

U. 8.2,058.220 
G. 629.723 

p. 788.014 

Oct. 20. 1936 
May 9, 1936 
Get. 10. 1935 

F. Eiger 

Ah. to Hoffmann-LaRoehe 

Addition of 2*keto-i-guionic add 
esters to foods. 

U. S. 2,117,777 
G. 702.185 

May 17. 1988 
Feb. 4. 1941 

K. Wamat 

Ass. to Hoffmann-LaRoehe 

Doubie salts of caldum-ascorbatc 
,ttd of caldum salts of pdy* 
hydroxy-mono-carboxyUe adds. 

U, 8. 2,182,662 

Oct. 11. 1938 

B. H. Volwtler and M. B. 
Moore 

Am. to Abbott 

Aliphatic amine salts of ascorbte** 
acid and proctM for produdng 
them. 

U. S. 2.184,246 
B. 480,508 

Oct. 25. 1938 
Pab. 23. 1938 

F. Biger 

Am. to Hoffmann-LaRocbe 

Ascorbic add salts of histidine. 

U.S. 2.140.989 
B. 499,798 

B. 499,840 

Dec. 20. 1938 
Jan. 80. 1989 
Jan. 80. 1939 

J. BiMnbrand and M. Liens 
Ass. to Wintbrop 

Molecular compounds from ascorbic 
add or iso-ascorbic add and quinine 
or quinidine. 

U. 8. 2,150.140 

Mar. 7,1939, 

K. Warnat 

Am. to Hoffmann-LaRoehe 

3.5,6-Tribcosoyi-aseorbic add and 
its preparation from ascorbic add 
salts and benxoyl chloride. 

U. 8. 2,159.214 

May 23. 1939 

S. Kiein 

Double salt of calcium ascorbate 
and caldum acetylsalicylatc. 

U. S. 2.159,986 

May 30. 1939 

F. P. Gray and I. Stone 

Ah. to Waiierstein 

Addition of ascorbic add to aque- 
ous-otl emulsions. 

U. S. 2,187.467 

Jan. 16|.t940 

B. H. Stuart 

Am. to Bit Liily 

Aqueous solution of a salt of ascor- 
bic add. t. f., of alkali metals, alka- 
line earth metals, ammonium, the 
lower alkyl-subststuted andnes, and 
containing sulfur compounds, s. f., 
.sodium hydtosulhte. 

U. 8. 2.212.831 

Atig. 27. 1940 

F. Hoffman and P. Marquardt 
Ah. to Byfc-Guidenwerke 

Manufacture of stable derivatives 
of adrenaline by reacting adrenaline 
with ascorbic add. 

U.S. 2,213.977 

Sept. 10. 1940 

W. G. Cbristiansen 

Am. to Squibb 

Vitamin C-amine solution ttabilittd 
by means of bypophoHihite. 

1 8. 2.232,699 

Fab. 25. 1941 

U. H. Bngels. J. Wdjiard and 
R. T. Schanck 

Ass. to Merck 

Stabilisation of ascorbic add soln- 
tions by water soluble edible col- 
loids of the group condstlng of 
albumen, acacia, casda, raw milk, 
gelatin and starch. 

US. 2,282,713 

Fab. 25,1941 

R. T. Major and B. W. Cook 
Am. to Merck 

ProeCH for the production of fully 
acetyiated sugar acids from corre- 
spoodifl« atdekydo-su|;ar aceutes 
and correspo^iag Alactones. 
Composition of matter daiatt for 
futty acetyiated sugar adds whkk 
do not contain a ke|o group. 



PATBNT IMSnX 


PATSNT No. 


DoriffttlfM Attd UtUifAtiMi (Continued) 

V. 8. lt,249.90a July 22 , 1941 C. L. L«utenichl4gtr i 
C. 998*875 July 6, 1940 Uadner 

Am. to 1. G. 


V. S. 8*951,588 i Auf. 5, 1941 A. Salomon 
B. 524,819 I Attf . 2, 1940 Am. to N. V. Orgachemia 


U. S. 2,255,483 Sept. 0. 1941 G. F. D'Aielio 

Am. to General Electric 


U. S. 3.280.870 Oct. 28. 1941 S. L. Rusldn 


B. 455,221 Oct. 28, 1930 Dansk Gaeiing Industri 

P. 792.875 July 1, 1980 

B. 409.885 July 23, 1937 I. G. 


B. 472,581 Sept. 20. 1937 Ciba 

P. 817.578 Sept. 0.1937 

B. 485.612 May 28. 1938 H. Lotae 

P. 829.982 July 18. 1938 


B. 480.055 May 30, 1938 H. W. Rhodehamel and B. C. 

Kleiderer 
Ass. to Eli Lilly 

B. 480.546 June 7. 1988 P. K. Henriksen 

Am. to Canned Cream A Milk 
Co. 

B. 486,757 June 9. 1988 F. B. Dehn 

O. 082,875 Oct. 24. 1939 Am. to Promonta 

B. 488,784 July 18. 1988 S. L. Raskin 


B. 495,675 Nov. 17. 1938 HoSmann^LaRoche 


, 503.470 Mar. 80, 1939 N. V. lodostrieile Maatscha- 

pi j vorhecn Noutry A van dcr 
Lande 


B. 509.709 July 19, 1939 N. V. Orgadiemia 


B. 5n.3BP AK8- 1989 «*Oecan'' 


B. 514;047 Oct. 80. 1930 B. B. Wells and Rountree Co. 


I Preparation of stable water eolu- 
of ascorbic acid by partial or 
I complete neutrattsatioo with or- 

Stable eoncentrated maii^ne solu- 
tions comprising dissolving a mono- 
salt of quinine with the i^d of as- 
corbic acid. 

Addition of ascorbic ^d as an in- 
hibitor to polymerisable materials 
containing a methylene group. 

Manganese compound of ascorbic 
acid. \ 

Addition of ascorbic ^id to Sour 
and dough. \ 

Stable solutions of partly or com- 
pletely neutralised ascorbic acid for 
ampules. 

Process for the manufacture of fer- 
rous salts of ascorbic acid. 

Addition of catalase to preparations 
containing vitamins A, B. C and/or 
D for protecting vitamin C against 
destruction. 

I 

Anhydrous solution of vitamin C in 
propandiol. 

Addition of vitamin C to milk or 
liquid milk products. 

Preparation of ferrous salts of as- 
cxMrbic acid. 

Process for the production of the 
following salts of ascorbic add: 
alkali, calcium, barium, strontium, 
iron, manganese, bismuth, arsenic, 
gold, silver, copper, mercury, sine, 
aluminum and tin. 

Procem for the manufacture of cal- 
dum double salts of ascorbic acid 
and poly - oxy - mono - carboxylic 
acids. 

Mixture of ascorbic add with ml- 
dum phosphates, gypsum, silica, 
talc, magnesium carbonate, potas- 
sium sulfate, wheat, rice, maixe or 
potato starch. 

Stabilisation o( ergometrine by as- 
corbic add. 

Addition of vitamin C-eontaining 
paprika to foodstuffs. 

Partidcs of nseodne adit coated 
with gdatine, gum or hard sugar- 








VITAMIN C 


Patbnt No. . j 


Datb 


PATBirrsB 


ABBTBACt 


DwifBttVBB BBd UtOlMtiMi {Continutd) 


B. 

F. 

517348 

889,547 

Jan. 26, 1940 
June 29, 1938 

P.R.A. Maltha 

B. 

533,480 

Feb. 13,1941 

Hoffmann-LaRoche 

C. 

470,012 

Jan. 3, 1929 

J. Korselt 

G. 630.776 

(See continua- 
tion 701,561) 

Dee. 12. 1936 

Hoffmann-LaRoche 

G. 

663,987 

Aug. 18. 1038 

Merck 

G. 

681,859 

Oct. 3, 1939 

Madaus A Co. 

G. 

606,794 

Sept. 80. 1940 

Madaus & Co. 

G. 609,827 

Continuation of 
G. 693,375 

Nov. 7, 1940 

C. L. Lautensehlftger and F. 
Lindner 

Ass. to I. G. 

G. 701,561 

Continuation of 
G. 630,776 

Jan. 18. 1941 

* 

Hoff mann-LxRoche 

F. 

749,742 

July 28. 1933 

C. C'troll and K. Stirnimann 

F. 

800.5{)2 

July 8,1936 

Soc. Francaisc Des Sucres 

F. 

805,335 

Nov. 17. 1936 

F. Arloing, A. Morel and A. 
Josserand 

F. 

805,885/47,155 

Peb. 6. 10.17 

F. Arloing, A. Morel and A. 
Joaserand 

F. 


Jnn. 23. 1937 

F. Arloing, A. Morel and A. 
Josserand 

F. 

823388 

Jnn. 25, 1938 

F. Arloing, A. Morel and A. 
Josserand 

P. 

827,142 

'Apc»20. 1938 

N. V. Industrielle Maatseha- 
pij vorheen Noutry A van der 
l,ande 


A4ditioa of Boeoitie odd to form to 
a mixture with metolt or oolto of 
copper, maaganeat, cobalt, iroa 
■alts, proteic ackt salts or protoias 
coataioiaf such metals, or powder 
of squash, cucumber^ cabbaft 
leaves or tomatoes. 

Ascorbic acid salts of ciaehoaa alka* 
loids. 

Preparation of pressed plant Juices 
rich in vitaadas from chlorophyll* 
conuining plants by the addi^a of 
calcium salts and aliphatle oxy- 
acids. 

Preparation of eaters of ascorbic 
acid and higher fatty acids. 


Solution of mono alkali or alkaline 
earth salts of ascorbic acid for filliag 
ampules followed by sterilisation. 

Preparation of stable colloidal solu* 
tioiu of phosphorus in alcohol by 
the' addition of ascorbic acid. 

Stabilisation of colloidal bismuth- 
containing aqueous solutions for in- 
jections by adding aseorbie acid to 
the presence of protective colloids. 

Preparation of stable water solu- 
tions of ascorbic acid by parUal neu- 
tralixation with inorganic bases. 

Esters of ascorbic add by reaction 
of salts of ascorbic add with add 
halides of aromatic carboxylic adds 
or by reaction of ascorbic acid with 
acid halides in the presence of 
organic bases. 

Addition of sterilised plants con- 
taining vitamin C to evaporated 
milk. 

Addition of solutions of vitamins C 
and D to sugar or sugar syrup. 

Preparation of complex salts of 
ascorbic add. 

Preparation of ammonium mr 
amine-containing complex salts of 
ascorbic add. 

Preparation of complex salts of 
ascorbic add. 

PreparaUon of complex salts of iso- 
vitamto C. 

Preservation of food by the addition 
ofnaeorbieadd together with a non- 
I hygroscopic substance. 


594 


PATEKT tNEfiX 


Patent Vtd. Oats 


pATBims 


AstTSACT 


Derhalitei Md (TtitlxitiMi (Coniinnfd) 

P. a81»054 I Attf. 29. 1999 | L, Flodqiitit 


Ktiflff. I15.m Dee. 16, 1936 B. Tomye 


Jep. 126.714 Feb. 9,1239 


Z. Nuldde 

Am. to T. Takede Co. 


VITAMINS D 


ProTitamiae D 

U. S. 1.724.706 
U. 8. 1,840.756 
B. 822.465 
G. 617.490 
G. .520.663 

U. S. 1.733.000 
B. 202.183 
G. 649.110 


Aug. 13. 1920 
Jan. 12, 1082 
Jan. 2. 1980 
Peb. 4. 1981 
Mar. 16. 1031 

Oct. 22. 1020 
June 14. 1027 
June 17, 1027 


B. Walx. R. GrieMbach. and 

O. Ambrou 

Am. to Wittthrop 


A. Gams and F. Locher 
Am. to Ciba 


U. S. 1.775.548 Sept. 0. 1080 


C. B. Bills 

Am. to Mead Johnson 


IT. S. 1,842,020 Jan. 26. 1032 C. B. Bills 

Am. to Mead Johnson 


U. S. 1,808,817 Jan. 3,1933 A. Zimmcrli 

Am. to Acetoi Products 


0. S. 1,012,440 June 6, 1033 C. N. Fr«r wd R. F. Light 

Am. to Standard Brands 


U. S. 1.941.007 Dec. 26. 1083 R. F. Ught and C. K. Frey 

Am. to Standard Brands 


0. S. 2.028,864 Jan. 21, 1936 J. Waddell 

Am. to DuPont 


0. B. 2,066,992 Get. 18, 1036 J. Waddell 
B. 486,462 May 17. 1988 Am. to DuPont 


Kav. 8, tOH W. C. Bennett 
Am. to Standard 


Yeast, ohieh naturally eentainc no 
or only traecs Of vitandn C. is en- 
riched in this vitandn by fermenta- 
taott in fruit juices. 

Ascorbie add in mixture frith gly- 
cerin and tale to preserve rubber. 

Preparation of adrenaline ascorbate. 


Extraction of ergostei 
lixed yeast. 


from auto- 


Isolation of ergosterol from yeast or 
other fungi by saponiOcation with 
aqueous alkali and skimming off 
the crystallised ergosterol. 


Ergosterol is purided by crystallisa- 
tion from a mixture of acetone and 
ethm. 


Preparation of ergosterol by dis- 
soli^g yeast fat in ec^one and 
saponifying the material |eith potas- 
sium hydroxide. 


ProceM of isolating ergosterol from 
mycettum of asper^llus aiger, by ex- 
tracting the mycelium with an aleo- 
holic alkali, and re-extracting the 
alcoholic residue with ether. 


Isolation of ergosterol from sreast 
by saponi6cation followed by crys- 
tallisation. 


ProccM of obtaining sterols from 
crude substances by sapoaidcation 
at about 20 tbs. pressure witb a 
water solution of an alkaline ma- 
terial until the sterols arc liberated 
followed by extraction witb a water 
Imadsdble solvent. 


Proeem for produdng antirachitic 
substances by beating cholesterol 
in the presence of water followed by 
ultraviolet irradiation. 


Production of antiraehitie sub- 
stances by subjecting a ftcrol-con- 
taUdag sttbstanee to n mild oxida- 
tion treatment, thus producing s 
provitonila, nhd subsednhdtly or 
slmuStnuepiisly iMfrtivatiag ikd pro- 
vitakda produced. 


By cultivation of yeast in the pres- 
ence of an oxidising agent the ergos- 

tcrcl content i« Incranaad. 



vrrAHmso 


PATklfT KO. tiATB 

PxMilUBint D iCo0imifd) 
U.S. S.0M.9M Not. 16. 1967 
B. 454.200 8091.28.1950 

a 701.001 Jott. 20. 1941 


U. 8. 2.098.985 Nov. 10. 1957 


U. 8. 2.1124K)0 M«f. 22. 1988 
B. 489.088 July 19. 1938 


U. 8. 2.128.198 Attf . 28. 1988 


U. 8. 2.168.059 jttuo 27, 1989 

B. 471.994 Seyt. 15. 1987 

R 820.925 Ayril 18. 1988 


U. S. 2.167.272 July 25, 1989 


U. S. 2.209.984 j„iy 80. 1940 
B. 587.080 juoo 0.1941 


U.S. 2.215.727 Seyt. 20.1940 
B. 587.080 juoo 6.1940 


U. 8. 8.287.708 April 8. 1941 
B. 509.008 July 11, 1989 

U. & 2.855.815 Sopt. 10, 1941 
P. 807,189 July 7.1941 


y. 8. 2.200.074 ©00.18,1941 


B. 890^ Attf. 10, 1988 

B. mm ©Mt. 22. 1987 

O. «ltJ77 Bto.20,1988 

P. 888^1 J0«r. 18. t9M 


Patbhtm 


A. Wladottt mad P. Sdicnck 
Am. to Wittthfop 


A. Windaut and P. Seheock 
Am. to B^nthrop 


M. Kharaieh and S. Wetn- 
houM 

Am. to Bli Lilly 


A. Windaus 
Am. to Winthrop 


A. G. Boor. J. van Niekerk, 

B. H. Roorink and A. van 
Wijk 

Am. to N. V. Philips* Gloei- 
lamponfabriokon 

W. A. Carlton 
Am. to Goneral MUlt 


H. R. Rosenberg 
Am. to DuPont 


H. R. Rosenberg and J. M. 
Tinker 

Am. to DuPont 


R. B. Maiker 
Am. to Parke. Davis 

H. R. Rosenberg and T. Par- 

sons 

Ass. to DuPont 

A. O. Boer, J. van Niekerk. 

B. H. Reerink and A. van 
Wijk 

Am. to Hartford Nationa 
Bank and Trust Co. 

Intern. Yeast 


A. O. Boer, J. van Nidserk. 

B. H. Reerink and A. van 
WUk 

Am. to N. V, Wtfps* Glow 
lampcnfabrietBen 



Synthesit of 7<dehydro-e(erols. aspe* 
eially 7-dehydro«faolesterot. by re* 
duetloo of 7-oso-sterol eomponnds 
7-hydtoiy-sterols followed by 
esteriSntion and spUtting out of on 
add. 

•Hydroxy-cholestarol, an inter- 
mediate for the syntheeis of pro- 
vitamin Di. 

Process for ioereasing the provita- 
min D content of cholesterol by 
heating solid cholesterol nhd solid 
bensoyl peroxide together to a tem- 
perature of about 180^ to 250* C. 

Preparation of 22, 23-dihydro-crgot- 
terol from the ergosterol-maleic a&- 
hydride addition product by hydro- 
genation, followed by thermal d%> 
composition. 

Isolation of a new provitamin D 
from invertebrata and conversion 
to a chicken active vitamin D by 
irradiation. 


Production of large eiystals of argoa- 
tcrol by recrystallisation from n 
•lowly cooled solution in an organic 
solvent, the solution containing 
water in a proportion between 2 and 
30 parts by volume of water per 
1000 parts of solvent. 

Production of 7-dehydro-sterols 
from esteriSed 7-liydcosy sterols by 
trentment with organic nitrogan- 
containing bases. 

Production of 7-oso-ehblcsterol- 
bensoatc. 7*hydroxy-eiiolestctot-8- 
mono-bensonte and 7-hydroxy- 
chdesterol-dibcnsoate. 

7-Rcto and 7-hydroxy-cli6lesteryl- 
chloride. 

7-DehydrD-sterol-compoattds from 
esteriaed 7-hydroxy-starol-cem- 
pounds by treatment enth oxoidum 
salt-forming compounds. 

Puriecation of provitemfn D prep* 
arations from invertriwata cs- 
teridcation and fractional adsorp- 
tion. 

Cttittvmtioo of yeast rich in ergos- 
terbl by aemtioii. 

Production of a porldad proviUHln 
D from a sterri mixture by est«UI- 
catlon, IraethMalndnorptionand le* 
erystamsntiott. Bylmlltioa ef the 
pfovlthSBitt. the vitamin 4«b be db^ 
taiacd. 



PATBKT XNZ>BX 


Patsmt No. 

Oats 

PATmrTM 

Abstoact 

SmilMBlM S (ConMmMrf) 

B. lOifin 1 M, 1989 

Tbe Xnteraotionol Yeost Co. 
end W. G. Bennett 

Bxtimetton of ergosterol from yeoet 
by plocittolyeae or boiling with odd 
followed by extroction with on 
organic fot eolvent ond nponifico* 
tion. 

O. 542.667 

Jea. 28, 1982 

Merck 

Brgotterol from yeost residues. 

O. 558.916 

Jttijr 2,1982 

Hoffmonn-LoRoche 

Isolation of sterols from yeast by 
heating yeast with aqueous alkali 
solutions in an open vessel. 

Auttrion 

140,190 

J«n. 10, 1935 

W. Holden 

Cultivation of yeast Ugh in ergos- 
terol under aerobic coqditions. 

Bdf. 416,160 

June 19, 1986 

N. V. Philipt* Gloeilompen- 
fobrieken 

PuriAcation of i )pl by esteri- 
fication followed by i ption. 

amim 129,870 

Jon. 2,1989 

Cibo 

Isolation of ergosterol fr^m fungi by 
alkali saponification. 

Siriw 201,160 Feb. 1,1989 1. G. 

CoBtereioa of Proiltettiao D to Vitomiiui D 

U. a 1,680.818 Am. 14, 1028 H. Steenbock 

B. 236,197 Jitne 80, 1924 Aei. to Wisconsan Atumni Re- 

F. 587,187 April 14, 1085 Moreh Foundetion 

Preparation of 7-dehyfiro-choles- 
terol from 7-oxo-eholesteiol by re- 
duction to 7-hydroxy-cholesterol, 
diacylation, heat decomposition to a 
7 - dehydro - cholesterol - ester and 
final saponification. 

Antirachitic activation of foods by 
ultraviolet irradiatiem. 

V. 8. 1,681.120 

Aug. 14, 1928 

A. J. Pocini 

Ass. to M. Richter 

Production of antiraebitid material 
from growth-produdng substanees 
by irradiation with light of wave 
lengths longer than 3022 A. 

U. a 1,682,818 

Am* 38, 1928 

F. C. Bcordalce 

Alt. to F. C. Beordriee, B. M. 
Huifine ond J. 1. Huffine 

Apparatus for ultraviolet irradia- 
tion of food materials. 

X7. 8. 1,704,178 

Mor. 5,1029 

J. W. D. Chesney 

Ats. to Soior Reeeorch Coip. 

Method of makim the ultraviolet 
rays of the sun available for the 
production of tbe anti-rachitic prin- 
dple in substances rusceptible to 
euch activation, by separating solar 
ultraviolet rays of wave lengths 
within the range of substantially 
2900 to 3700 Angstrom Units front 
the remaining rays, and intensifyiag 
the separated ultraviolet rays by 
concentration. 

U. a 1,728.608 

Aug. 6,1929 

J. W. D. Cheeney 

Am. to Cheeaey Procese, Xne. 

Process for activating paateurixed 
liquids by addition it an organic 
add followed by ultraviolet irradia- 
tion. 

U. a 19764,484 

April 15, 1930 

J. Feriao 

Vegetable, alimentary materials are 
aubiected in the absence of oxygen, 
and In the pretence of sOhiblc phos- 
phates to an brndlation by ultra' 
vldeit rays and are bealid to not 
Abcriw 60* C. dttrim fbetendiatioo. 

IBL >' HAJit 

Jnne 8,J19|0 
Jm a 1990 

A. J. FMfii 

Afli* to <X K. Richter 

Vitamiat B by inadlaticn of sterols 
or fats with Infra-rod or ultiavlelet 

ttdht In Inart fse. 



VITAMINS D 


897 


Patbmt No. 

Date 

PATSUTBa 

Anemacr 

Coawtlwi of Pioviteiiant D to ?ituaiat D iCoiuiniud) 

U. B. 1«771.848 July 22. 1030 A. J. Padni 

Am. to C. M. Richter 

Pfoductioa of vltamia D by iciadia- 
tion of sterols in the prtseoee ef a 
suitable photocatalyst such as liato* ' 
gen. or by rays longer than 3028 k 
or by eleetroaainetie radiation in 
the presence of a catalyst 

U. S. 1.706.184 
O. 664.401 

0. 608.277 

O. 647.522 

Mar. 10. 1931 
Nov. 18. 1932 
Jaa. 10, 1935 
July 6. 1937 

A. WOmer and P, Kidwetn 

Claims a baking oven containing n 
mercury vapor lamp and a reflector 
for indirect irradiatioB and also 
claims irradiation of yeast therein. 

U. S. 1.808.760 

June 9. 1031 

C. B. Bills 

Ass. to Mead Johnson 

Apparatus for irradiatiag liquids, 
such as oils, mixed with ergosterol. 

U. S. 1.817.036 

Aug. 11. 1931 

G. C. Supplee 

Ass. to The Borden Co. 

ProccM of irradiating milk with 
ultraviolet rays. 

U. S. 1.842.318 

Jan. 10. 1932 

N. K. Chaney 

Ass. to National Carbon Co. 

Appsratus for irradiatiag foods with 
ultraviolet rays. 

U. S. 1,848.805 

Mar. 8. 1932 

C. B. Bills 

Ass. to Mead Johnson 

Method of irradiating n stream of 
fluids. 

U. S. 1.871.135 

Aug. 0. 1932 

H. Steenbock 

Ass. to Wisconsin Alumni Re- 
search Foundation 

Preparation of nathrachitie food 
substances by ultraviolst irradiatkw 
of cercsls. 

U. S. 1.871.186 
B. 314.042 

G. 605.960 

III 

H. Steenbock 

Ass. to Wisconsin Alumni Re- 
search Foundation 

Antirscbitic product by idtradolet 
irradiation of lipoids. 

U. S. 1,873.942 
B. 283.557 

Aug. 23. 1932 
Not accepted 

A. Windaus 

<In Great Bntaitt~*B. Merck) 

Antirachitic preparatioas by ir> 
radiation of ergosterol solutions 
until digitottia yields ody n small 
predpitate. 

V. S. 1.880.977 

Oct. 4,1932 

A. J. Padni 

Ass. to Sttn-A’Sured. Inc, 

Production of vitamin D by heatiaf 
lipoids, such ns cholesterol with a 
photocatalyst such as uranium- 
acetate. 

U. 8. 1.880,078 

Oct. 4.1932 

A. J. Padni 

Ass. to Sun-A-Sured, Inc. 

ProccH of prodttdag vitamin D by 
heat-extracting ergosterd from na- 
tural sourcM^in the presence of a 
photocatalyst. 

U.S. 1.804,158 

Jan. 10.1933 

N. K. Chaney 

Am. to National Carbon Cc. 

Antirachitic activation of food« 
stuffs by irradiatioairom an ate. 

G. 8. 1.886,191 
B. 296,093 

B. 316303 

C. 499394 

F. 659348 

Feb, 7,1933 
Aug. 26. 1927 
Aug. 29, 1920 
June 7.1930 
Aug. 24, 1928 

W. Zimmermann and W. 
Prankenburger 

Ass. to Winthrop 

Production of vitamin D from ergo- 
sterol by ultraviolet raps and later- 
rupdng the exposure befdre the 
maximum absori^ott in the range of 
the spectrum between X « flOtaui 
sad X ■■ 230mn 8ns been reedbed. 

U. 8. 1,904.251 
B. 343338 
O. 684.146 
F. 700312 
F. ' 40442 

iliii 

B. H. Reerink and A, van Wijk 
Am. to N. V. PhOlps Olod- 
lampenfabridcen 

Irradiation of ergosterol wHb eraee 
lengdis from 270 te 300 


Aug. 1.1983 

A. T. Padni 

Am. to Sttn«A-8ured, Inc, 

Method of prodttdng dtemia O 

with edpetgiQttt orpehfl. 



m 


FATBMT W&BX 


Patbmt No. ‘ Date Patentee 


ConmiUm of Pro? Jtoiaiiio D to VitemiEo D (Cimtinuid) 


U. S. 1,928.397 

Sept. 26. 1988 

B. D. Shumway 

Ass. to Quaker Oats 

U. S. 1.954.065 

April 10. 1984 

J. H. Bragg 

U. S. 1.955.554 
B. 894.408 

April 17. 1934 
June 29. 1988 

R. P. Light and C. N. Frey 
Ass. to Standard Brahds 

U. S. 1.966.546 
U. 8. 1.966.547 

July 17. 1984 
July 17. 1934 

G. P. Goode 

Ass. to General Development 
Lab. 

U. S. 1.980.971 

Nov. 13. 1934 

H. G. Campsie 

U. S. 1,982.028 

Nov. 27. 1934 

G. Sperti 

Ass. to General Development 
Laboratories 

U. S. 1.982.029 

Nov. 27. 1984 

O. Sperti, R. J. Norris. R. B. 
Withrow and H. Schndder 
Ass. to Gcneial Development 
Laboratories 

U.S. 1.988.944 

Dec. 11. 1934 

A. J. Pactnt 

Ass. to American Research 
Products 

U. 8. 2.007.765 
B. 292.926 

July 9.1935 
Aug. 22. 1929 

A. Knudson 

Am. to Sua-A-Sured. loc. 

U. 8. 2.015.204 
U. 8. 2.015,265 

Sept. 24. 1935 
Sept. 24. 1935 

R. M. Fraps 

U. S. 2^15.288 

Sept. 24, 1985 

A. J. PacUii 

Am. to American Research 
Producte, Inc. 

U.S.2,057A99 

Oct. 13. 1986 

H. Steenbodc 

Ass. to Wiscoairin Alnmnt Re- 
eearch Foundation 

U. 8. 2,104.681 

Jan. 4,1938 

Gk C. Sttp|ri*« 

Am. to The Borden Co. and 
to Nationel Carbon Co. 


Aesteact 


ProdiMtkm of on EEtjroeiiiticolly 
•ettYEtod cereol by removiEf tbc 
hiuA or ikin frooi cercil wad 
•ubjoctiBf the whole hemel to the 
eetion of eetivetiiig rays. 

Apperetus for inereaiiBf the vitE> 
nio eoateot of liquid fo^ eompris- 
ing E food chombw heviBg opeaiagi 
for the petMge of liquid food. • 
•ource of ultraviom rays end 
BieEtts to effect a coojing of the ooa> 
tents of the chamb 

Process of activating antirachiti* 
cally activatable unsaponifiable 1 
poids in dioxaae by linit containing 
frequencies below tbe\visible spec- 
trum. ^ 

Apparatus for irradiating solutions 
of ergosterol. etc., with Altered 
ultraviolet light. 

Production of vitamin D from pro- 
vitamin D by means of radiant 
energy of 2536 to 2540 Angstfdm 
Units. 

Process of increasing the vitamin 
content of food substances by sub- 
jectiag them to soft x-^ys having 
wave lengths between approxi- 
mately 2 and 18 AngstrOm Units. 

Process for treating food substances 
with ultraviolet light. 


Process of activating provitamin D 
by treatment with cathode rays in 
the presence of a suitable catalyst 
such as chlorine or bromine. 

Process of increasing the vitamin D 
content of food, fats or ergosterPl by 
treatment with high vetocity dec- 
trons. 

Apparatus for irradiating materials, 
such as ergosterol. hy sunlight. 

Production of vitamin D from pro- 
vitamin D by radioaetive sub- 
substances. 

Yeast is antiraehiticany activated 
by treatment with fight rich is 
ultraviolet fairs. 

Method of irradiating dqnid milk 
products with ultraviolet Energy ie 
five increased antiraefaitk potency 
hg impinging the idtravkilet energy 
In sudi a manner that aff fhys of 



WTAMIKS D 


P*™.TNaJ D*r. 

CMmniaa af AnwteidiHi D to Vitomiao D iConiim,fi) 

V. 8. a.lt>6.m • Fob. 1. 1938 | C. C. Wbi«i« p^„e.Jo. of »iu„ri» D by 

« vaporized provtUmtn D throui^a 
zone of 4dectricaUy-iodueed ant(> 
rftcbiticaUy.nctivfttiag diidMrge in 
• vacttiua oontaislBg ladittin tntta* 
aatioBi. 


I7.8.240eo780 

Feb. 1, 1938 

Co C. WhitUer 

Method of producing vitamin D 
which consists in vapedaiag ergo- 
sterol, passing the same thr^h a 
none of electrical discharge in a 
vacuum tube, ooadensiiig the 
treated crgoaterol vapor and aub- 
jeeting the condensate to a traas* 
versely directed electrical discharge 
in the vacuum tube. 

U. S. 2,106.781 

Feb. 1, 1938 

C. C. Whittier 

Am. to Nutrition Research 
Laboratories 

Apparatus for the activatioo of pco- 
viunrin D by the electrical dis- 
charge method. ^ 

U.S. 2.106,782 

Feb. 1. 1938 

C. C. Whittier 

Ass, to Nutrition Research 
Laboratories 

Apparatus for the activation of pro- 
vitamin D by the electrical dis- 
charge method. 

U. S. 2,112,242 

Mar. 29. 1938 

B. Kramer and A. B. Sobel 

ProccM for the antirachitic activa- 
tion of provitamins D by an electri- 
cal discharge method. 

U. S. 2.117AOO 

May 10. 1938 

N. A. Milas 

Ass. to DuPont 

Preparation of antirachitic sub- 
stances from provitamins D by the 
action of a high frequency electrical 
oscillating discharge. 

U. S. 2,128.199 
G. 642,769 

Aug. 23. 1938 
Mar. 16. 1937 

A. Windaus 

Ah. to Winthrop 

Preparation of an antirachiticaUy 
active substance by ultraviolet ir- 
radiation of 22,23 -dihydro-ergo- 
sterol. 

U. S. 2.151.645 

Mar. 21. 1939 

If 

H. C. Stephens and S. B. Hoar 
Ass. to Natural Pood Prod- 
ucts 

Method for deaerating a liquid food 
product in vacuum and, while 
under vacuum, exposing the com- 
pletely deaerated liquid to ultra- 
violet irradiation. 

U. S. 2,188.933 

Dee. 19, 1939 

J. K. Elderkin and E. Hofman 
Am. to Chemical Products Co. 

Poods are antirachiticaUy activated 
by the action of osone. 

U. S. 2,802JS11 

May 28, 1940 

G. C. Supplee and J. Dorcas 
Ass. to The Borden Co. and 
National Carbon Co. 

Method and apparatus for irradia- 
tion of milk in turbulent flow to in- 
crease the vitamin D content. 

U So 24131370 

Feb. 18. 1941 

W. Baecklcr 

Ass. to Union Carbide & Car- 
bon 

Apparatus for open-air irradiation 
of liquids such as milk by flowing 
the liquid in a substantially recti- 
linear direction along a smooth sur- 
face. 

II. S. 2.231.871 

Feb. 18, 1941 

W. Baeckler 

Ass. to Union Carbide & Car- 
bon 

Apparatus for open-air irradiation 
of liquids, such as milk, by using a 
conical type of support for the 
liquid in order to maintain k con- 
stant rate cS flow. 

U.S. 2.224364 

Mar. 11, 1941 

H. W, Blley and J. Waddell 
Am, to DuPont 

The proeeM which competes dis- 
solving a provitamin D-containing 
material in an organic solvent, add- 
ing a sugar-amine, eapoaiag the 
solution to ultraviote K^t and re- 
covering a vtiamia D coneeAtrate. 



PATBHJ index 


PAtSMT No. 1 

Date 

Patontbb I 

AsanucT 

Confonioa of FrofHomiao D to Vitomiaf D (ConUntud) 


U. S. 2.243,682 

Moy 27, 1941 

M. L. Johnson 

Production of vitamin Dt from 

Ass. to ViUmtn Technologists 

ergosterol by irradiation with ultra- 
violet light of 2536-2540 AngstrOm 
Units. 

v.&8^jas 

Oot. 28, 1941 

B. S. Bettis 

Ass. to Pet Milk Co. 

Irradiation of milk in a thin film. 

B. 265,210 

April 7,1927 

X. Boefriauiyr 

Milk in concentrated form or in a 
curdled state is subjected to the 
action of arti&cially pnMuced violet 
rays, by which it is cwveited into 
an invalid food effective for the cure 
of certain diseases. \ 

B. se6,u>l 

Fob. 24. 1927 

O. A. Elias 

Method of manufacturiM biscuits, 
bread, cakes and similanfood prod- 
ucts characterise^ by carrying out 
the baking process in the presence 
of arti&cially produced utraviolet 
rays. 

B. 270.226 

April 28. 1926 

H. C. B. Tilltsch 

Antirachitic vitamin by ultraviolet 
irradiation of oils or fats. 

B. 285.088 

Jon. 24. 1929 

Merck 

I 

Manufacture of antirachitic prep- 
'arations, by esterifying the un- 
saponifiable constituents of yeast, 
fat or of the corresponding eutracts 
from ergot or similar lower fungi 
and exposing the esters to Ifhe action 
of an activating radiation, or by 
first activating and afterwards 
esterifying the material. 

8. 288.665 

Sept. 6,1928 

Merck 

Manufacture of antirachitic sub- 
stances by irradiation of provita- 
nrins D in the presence of photo- 
chemical sensibilisers, such as eosin 
or iodine. 

B. 290,125 

Mer. 7. 1929 

C. Jaeger 

Ultraviolet irradiation of dried 
bananas to produce an antirachitic 
food. 

B. 228,255 

Nov. 28, 1027 

T. D. Kelly 

Oils, fats or emulsions are treated 
with beta-rasrs and with ultra- 
violet rays to produce vitamins. 

B. 295.757 

Aug. 23, 1928 

i 

1. 8. MacLean 

Yeast is incubated in a solution con- 
taining phosphates and oaibohy- 
drates and the sterols or sterols and 
fats obtained are subjected to acti- 
vating radiation. 

B. 226,053 1 

Aug. 24, 1927 

A. J. Padni — 

Ass. to M. Richter 

Prciccss of treating materials to 
form antirachitic substances by 
various rays other than ultraviolet 
rays, s. g., by x-rays, canal rays, 
cattle rays, etc. 

B. 298,585 

Dee. 5, 1928 

Dry Milk Co. 

Ultraviolet irradiation of milk. 

B. 802.980 

Sept. 24. 1927 

N. Bendiaen 

Rotary device for treating liquids 
with rays or emanations. 

B. 802B01 

P; «r2,3l8 

April 18, 1928 
lfor.29, 1989 

B. Oppenheim 

Ultraviolet irradiation of chocolate. 
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P«taifT No. DATS Patsntbs 


A«st«act 


CoftfMsiM of ^ovitomitto J> to Vitamiiui D (Coiuimu§i) 


n. 

818,568 

Juae 14, 1028 
Sopt. 13. 1928 

G. Zecher 

Apparatus for {rradlatiag aub* 

G. 

624,874 

Ass. to N. V. PhtUpa* Gtoei- 
lampenfabriekca 

stances with ultraviolet tight. 

B. 

814.267 

Auf . 20. 1928 

I. O. 

/ 

Apparatus for the irradiation of 
ergosterol in circulating solvent 
liquids. 

B. 

316,264 

Sept. 18, 1929 

0. RM 

Treatment of foods and fats with 
short waves, ultraviolet rays or %• 
rays. 

B. 

318.268 

Sept. 2, 1929 

I. M. Hellbron 

Activation of provitamins D by 
metallic catalysts ut elevated tem- 
perature. 

B. 

318.269 

Sept. 2. 1929 

I. G. 

Production of uniirachiLic products 
by treating itrgosterol or substaaces 
containing ei^osterol with corona 
discharges or with electric corpuscu- 
lar rays or Roentgen rays, while ex- 
cluding oxygen. 

B. 

321.962 

Nov. 23, 1929 

1. O. 

Production of vitamin D by irradia- 

F. 

676,568 

May 10. 1929 


tion of sterols in the pretence of 
substances which exert a protective 
action on the vitamin formed, such 
as ether, oleOnic hydrocarbons or 
caustic alkalies. 

B. 

324,603 

Mar. 19. 1030 

Patent'Treuhand Ges. f. 
elektr. GlOhlampen. 

Apparatus for ultraviolet irradia- 
tion of milk. 

B. 

326,470 

July 12, 1929 

J. 0. Hickman and K. V. 
Hickman 

In a process for the irradiation of 
Bowing milk in thin layers, the in- 
tensity of irradiation and rate of 
flow of the milk are regulated. 

B. 

342,600 

Feb. 15. 1029 

T. Reiter 

Vitamin D by irradiaUon of ergos- 

F. 

697,367 

Jan. 80. 1980 


terol with light of wave lengths 
about 280 m^t. 

B. 

346.682 

Oct. 14^1920 

V. C. From. C. D. Rowley and 
A. W. Larsky 

Simultaneous infra-red and ultra- 
violet light irradiation of milk. 

B. 

367.223 

Jan. 24. 1930 

F. F. Tlsdall 

Wheat germ, whole wheat and 
yeast, treated with ultraviolet tight, 
are used in the manufacture of 
bread, cakes, etc. 

B. 

386.626 

Dec 20. 1932 

N V. Philips* Gloeilampen- 

Irradiation of ergosterol with ultra 


714,827 

April 4. 1931 

fabrieken 

violet light using a filter which ab- 
sorbs light of wave lengths 312-3 13 
mM, f. g.. CSs. 

B. 

403,060 

Jan. 10, 1034 

J. Waerham 

Vitamin D-containing soaps by ir- 
radiation of soaps containing ergos- 
terol or of oils containing ergos- 
terol. followed by saponification. 


489,142 

July 20, 1938 

H. F. Rost 

Ultraviolet irradiation of thin films 
of provitamins D in solution or 
suspension in the presence of air 
with rays of wave lengtht between 
’ 2U<H» and 3000 Angstrom Units. 

B. 

, 497.166 

Jpiec, 14, 1^8 

Nutrition Research l/abora- 
lories 

‘ Antirachitic activation of provita- 
ndnx D by Hubjecting the vapor to a 
silent non-luminoug flow of electric- 


i ity. 
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PKTBHtmsmx 


PansNT No. 

0ATn 

Patnimm 

Converiton of Frotitowiao D to VltoodM D (Conlf an«d) I 

B. 4M,068 

Jan. 8,1989 

R. F. Ginns 

O. 503,726 

April 8, 1927 

H. Gcffcken and H. Richter 

G. 628,257 

Feb. 8,1927 

H. Geffcken and H. Richter 
Ass. to A. G. f. Blektridttts- 
Ind. 

O. 526,141 

May 17, 1929 

H. Geffcken and H. Richter 

G. 580,877 

Nov. 4,1936 

P. Hdnemann 

G. 545,080 

Fob. 25, 1982 

H. Gcffcken and H. Richter 

G. 556,716 

Mar. 7.1928 

Merck 

G. 564.401 

O. 606,277 

Nov. 1, 1927 
Jan. 19, 1985 

P. Kielwdn 

G. 564.780 

O. 566,744 

Nov. 22, 1983 
Dec. 30. 1983 

B. Latacx 

G. 567,888 

Dec. 81, 1982 

Hoffraann-LaRoche 

C. 568,900 

Jan. 6, 1933 

K, Hembd and Vitamin Pab- 

G. 577,170 

Aug. 10, 1933 

rik 

G. 573,491 

Mar. 17. 1933 

A. Schindler 

G. 577,531 

June 1, 1083 

G. Kersten and O. K. Schulte 

G. 588,791 

Sept. 9, 1933 

J.G. 

O. 622.878 

Nov. 27, 1985 

Leo-Werke 

O. 624,825 

Jan. 17, 1936 

H. Hdtan and Kuntse's Ver- 
waltungs G. 

0, ^,788 

July 13, 1086 

Hanovia 

O. 848.826 

Jtaly 29. 1987 

E. Frdtag 


AwaiTMQt 


Prmil for tlie trcadiatioo of 
ud Hie eterile ftlUttg of eootelaen 
Hierewitti in wliich.m amie of nttm* 
violet mye if meioteiaed witida n 
vaettum ehember to iirmdiate the 
liquid u it if directed in a thin film 
pact the tone, the cootidnctf being 
filled with the treated liquid by 
direct connection with the interior 
of the vacuum chamber 

Poodf, fuch af milk, are eubjectcd 
to ultraviolet rayt . 

Amiaratuf for irrad^ting food- 
•tufff. 


Apparatuf for irradtiyiMug foods 
with ultraviolet rays. 

Foodstuffs are vitaminiscH by ultra- 
violet radiation, uHog a\calc spar 
fitter. 

Irradiation of skimmed milk. 


Stable aqueous colloidal sdutioaf of 
irradiated ergosterol are obtained 
by irradiating ergosteml in its dii- 
peflmd form and separating the un- 
changed ergosterol after irradiation. 

Apparatus for irradiating bread or 
yeast for incorporation in^o bread. 

Apparatus for irradiation of liquids. 


Production of water-soluble sterol 
compounds byirradiatiag sterols in 
the form of their ester salts, s. f., 
a salt of phthalic add monoergos- 
terol ester, with ultraviolet light. 

Irradiatton of extracts of high vis- 
cosity. 


Ultraviolet irradiation of milk. 

Irradiation of skimmed milk fol- 
lowed by addition of the original 
cream. 

Production of an antirachiticnlly 
active material by treating tumi- 
ftnrol or its esters with ultraviolet 
light and method of crystallldni 
the antirachitic product ai the di- 
nitro-bensoate. 

Vitamio-eontainiag cosmetics from 
wool fat by irradiation with ultra- 
violet light. 

Vitandns are produced In matt heei 
by light from a Mg-arc. 

Irradiation of milk with mercury- 
vapor tamps. 

Irradiation of milk in bottles. 
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Bats 


PATBMTS9 


Patsmt No. 

Cwwnim of ProtitoiiiiaB D to Vltamiu D iConUniu^ 

O. 678A&8 { Mor.aO, 1989 i K. Widff And k. HAvenuuui 


AoontACT 


Mothod for Obtofoinit 


P. 6(16.959 

Oct. 8. 1929 

F. 067.660 

Oct. 19. 1929 

F. 677,010 

F. 677,111 

Mar. 3. 1930 

June 17. 1929 

P. 097,367 

Jan. 16. 1931 

F. 700.036 

Nov. 16, 1929 

F. 708.548 

July 24, 1931 

F. 752,201 

Sept. 20. 1938 

F. 779,847 

April 13. 1985 

F. 851.421 

Jan. 0. 1940 

Austrian 

118,762 

Mar. 15, 1980 

Austrian 

118.764 

Mar. 15, 1930 

Austrian 

137.455 

May n. 1934 

Belt. 386.419 

Mar. SI. 1932 

Hung. 100,696 

ftug. 4. 1927 

Hung. 104,227 

April 14, 1981 

Vitamlaib 

U.S.1,5«3,I84 

Nov, 24, 1925 


OsA PAit. Ind. Soc. 

A. Tribout 

J. Seipi 

I. G. 

T. Rdter 

H. Lobbd 

N. V. Philips* GloenAmpen* 
fobrieken 

J. Mojor 

C. Devret ft Co. 

Kormss Poteotvorwertungs- 
OoMnsehAft 

O. Ricd 

O.Rled 

Loo-Werke 

Soc. Rdmix 
G. Fcher 

A. JendTASsik 

T. F. Zuckcr 

Ass. to Unirersity Potcnts 


non products of cnostorol oiM 
dmilAr nAteriols hf imidlAtInt 
with dsctrotts froto a flowiat 
CAthodc in which the oMtcriol to bt 
activAted is passed in tUo larars 
over thf anode. 

Am>arAtus for the irradiation of 
liquids. 

Pasteurisation and imdiation of 
milk. 

Irradiation of beverages. 

Preparation of antiraehitic sab* 
stances by irradiation of provitn- 
mins at a temperature rdtove 70* C. 

Converdon of ergosterol to vitamin 
D by means of light of wave lengths 
longer than 280 mi^ 

Sterols extracted from cacao beans 
are activated by ultraviolet light. 

Irradiation of provitamins in soiu* 
tion in special apparatus. 

\ttandn<containlag flour by special 
treatment of grain and ultraviolet 
irrsdiation. 

Irradiation of cholesteroI»coBtain- 
ing foods. 

Method and apparatus for irradia- 
ting milk sprasrs in a carbon dioxide 
atmoqpbere. 

The irradiation effect is enhanced 
by the addition of mineral sub- 
stances. s. f.» ZnO. 

Bnhanoement of the biological ef- 
fect of irradiafed substances by the 
addition of trypaflavin. 

Apparatus for irradiating wool fat 
or wool fat ato^ols to enrich the 
vitamin D content. 

Vitamin-contaittlni foods by ir- 
radiation while stirring * 

Yeast is saponifled nod extracted. 
The isolated ergosterol is Imdisied 
to form vitamin P. 

Produetloa of vitemin D from solid 
ergosterol in conteet wHh a sdu- 
tion which dissolves the irindiated 
ergosterol nnd which oohitioa is 
eonthniously resnovod. , 

Process of essaying dm antirachitic 
strength of a substance by deter- 
ndiilng the pH vahie of thefeees of 
e^pcrinmntal nnfanals. 





?sp.» 


604 


PATENT INDEX 


Patvmt No. I DATS 

VitAiiiiat D (Confinusd) 
U.S.l.m,745 I M«r.21. 1988 


U. S. 1,902,786 

Mar. 21. 1933 

B. 

870.748 

April 14, 1932 

B. 

406.321 

Peb: 5,1934 

G. 

565,900 

Dec. 7, 1932 

O. 

576.021 

May 6, 1933 

U. S. 2,030,377 

Peb. 11. 1936 

G. 

603,088 

Sept. 22, 1934 

U. S. 2,009,650 

Nov. 16. 1937 

B. 

491,653 

Sept. 6, 1988 

G. 

661,686 

June 24. 1938 


II. S. 2,179,660 Nov. 14. 1939 


U. S. 2,216,719 


Oct. 8, 1940 


B. 335,277 SC|rt. 25. 1930 

P. 698,040 June 11. 1980 


464.066 

678J»8 

815<545 


April 12. 1987 
JiOy 17, 1989 
July 18, 1987 


Patbntsb 


Abstxact 


A. WIsdMis 
Am. to Wiathrop 


The satscMliitie vitamia ofataiaed 
by ultraviolet irradiatioa of erge> 
•terol is purified by the fonnatioa pi 
additioa products of the aoa-vita- 
aiia material with eompouods of the 
maleic aahydride type. 


O. Lhisert 
Am. to Winthrop 


O. Liaaert 
Am. to Winthrop 


A. Windaus and P. Schenek 
Am. to Winriirop 


S. E. Miller 

Ass. to General Mills 


ProceM which comprises freeiag aa 
antirachitkally active product from 
unehaaged ergosterol by subjeetiag 
the product to the action of at least 
one mole of maleic or citraeonic acid 
anhydride. / 

Crystalline vitamin Dsfrom iiradi* 
ated ergosterol by formation of the 
3,5-dinitrobeasoate followed by aa* 
ponification. \ 

Procem for the purificamn of vita- 
min Dt, obtained by aeti^tion of 7- 
dehydro>cholesterol, by Vesterifica- 
tion with meta-dlnitro>benaoyl- 
chloride, fractional crystallisation 
of the esters formed and saponifica- 
tion of the meta-dinitro-bensoate of 
the vitamin Da. Purification may 
also be accomplished by precipita- 
tion of 7-dehydro-cholesterol as the 
diritonide or by the formation of 
addition products with compounds 
of the maleic anhydride tjfpe. 

Process of concentrating vitamin D 
from either naturally occurring or 
synthetic vitamin D concentrates 
by dissolving vitamin D-containing 
material in an organic solvent, pass- 
ing the solution through tricalcium 
phosphate whereby a major portion 
of the vitamin D is adsorbed by the 
phosphate, washing the phosphate 
with an organic solvent, and then 
separating the vitamin D from the 
solvent by distillation. 


A. G. Boer, J. van Niekert, A. 
van Wijk and B. H. Reerinfc 
Ah. to Hartford National 
Bank 8c Trust Co. 


Process for produdag a new chicken 
active vitamin D by activation of a 
new provitamin D derived from 
periwinkles. 


SocidU des Usines Chimiques 
Rhone-Poulenc 


Separation of ergosterol from its 
crude irradiation products by crys- 
tallisation from an organic solvent 
particularly akobol, acetone and 
ethyl-acetate. 


N. V. PhiUps' Cloeilampen-^ 
fabrieken 


ProccM of producing a preparatioo 
which has a hiidt antirachitic activ- 
ity for cMckens, wherein the un- 
seponifiable fraction or the sterol 
freedon of dudt eggs is irradiated 
with ultrevlotet light. The pro- 
vitamin D ii{ identical with 7- 
dehydro-cholesterot. 









VITAMINS 1) 


Vltemiiit J> {Continued) 

B. 483,880 I Jim 17, 1837 


BMtmuEod.k ItotattoB ol « B«r B, bj 

moleeultr dUtUtotioa oT dtgMptd 
vitMaia D-eoataiidagl oil*. 

Butaua Kodak BMerlfieottoa of vUomiB O or ol 

provitamin D with unsatarated 
higher fatty adds, especial^ with 
linoleoic i^d. The provitamin D 
ester is activated to vitamin D ester. 

Eastman Kodak High vacuttm>short path distilla* 

tioa of natural vitamin D Mtert, re- 
sulting in the separation erf 5 or 8 
different antirachitic materials. 

L. Brancr and H. Seel Vitamins by oxidation of eholesterol 

with beasoyl peroxide. 

H. Brodeimn Isolation ol the antirachitic viu- 

AM. to I. G. lain from notural products. 

Pats with Mgh vitamin D content 
are obtained by extracting ground 
cocoa shells with cocoa butter. 

h. Yoder Antirachitic substance by heating 

Ass. to Iowa State College cholesterol with a mixture irfconcen- 

Alumid Assoc. trated sulfuric add, acetic anhy* 

dride and acetic add. 


B. 491,007 Aug. 23, 1938 Eastman Kodak 


B. 517,214 Jan. 24, 1940 Eastman Kodak 


G. 550,496 AprU27, 1930 L. Brauer and H. Seel 


O. 659,882 May 17. 1938 


G. 672,000 Feb. 18. 1939 


Can. 379,424 Feb. 9, 1939 


Derivatitea and Utilixatioa 
U. S. 1.824,653 I Sept. 22, 1931 
B. 834,002 July 1, 1929 


U. S. 1,974,808 Sept. 25, 1934 


U. S. 2,010,792 Aug. 6, 1935 


U.S. 2,022.464 Nov.io, 1935 


U. S. 2,080,792 Feb. 11, 1936 
B. 486,713 Oct. 16, 1935 
B. 469,150 July 20, 1987 
G. 642,261 Feb. 27, 1987 

U. 8.2,070,117 Feb. 9,1987 
O. 624,281 Jan. 15, 1986 

U. 8. 2,150,816 Mar. 14. 1939 


U.8.2,m.840 dec. 10, 1989 


H. Brockmann 
Ass. to I. G. 

H. Fincke 

Ass. to Gebrader Stollwerck 


B. Brauchli Irradiated ergosterol is stabilised 

Ass. to Hoffmann-LaRoehe by the addition of a small quantity 

of a dihydroxy-phenol such as 
hydroquincme. 

C. F. Diets The dl from a germ-bearing cereal 

Ass. to Commander l,arabee grain is irradiated to form vitamin 
Corp. D and is incorporated into floor. 


T. Siesel 

Ass. to A. M. Siloan 


L. A. Hall 

Ass. to C. I#. Griffith 


C.W. Hooper 
Ass. to Winthrop 


O. Dalmer and F. v. Werder 
Ass. to Winthrop 


Collddal dispersion of sterols In 
water c on taining bonemeal and al- 
falfa extract. 

An emulsified vitamin D concen- 
trate containing gum tregacanth 
and gum ncada, the emulsion hav- 
ing n pH of 5.5 to 6.0. 

Prqpanediols and butaaedixds as 
solvents for fat soluble vitamins, 
especially for vitamine D. 


Hydrofeantion of tnchyeterol-diul- 
trobensonte to form dihydso-taehy- 
sterol. 


A. B. Briod and B. R. Bast Vitamin D milk is prepared by 
Aas. to Ketioael Oil Prodneto bomogenisiagaeodlhreroUeoaoea- 
tsnie witii cienm or evapocated 
milk lellowad by canning nnd 
steillhiatiotta 

J. W. D. Qbesney A vitamin D eonoanttate is added 

Am. to New Discoveriee, Inc. to a pcodiiht aiicb ae beer, conUiln- 
ing nt kmd 9 J6% of Meobet and 
tfsaeivedOOb 




MTBirr Bmx 


Patkmt Ko. X>axs PATMim Ammuct 

DtrlfAtlYM wd UtiUntiM (CoitltiiiMd) 

V. 8. 2,X8ftk909 J«ti. 2, 1940 H. B. Sdtultte PwiMurAitioii of «lwr aquaoiit thm* 

Ate. to Wittthrop pii^ loliitioii of vHotBiii O with 

triddB, polyothyloni i^yeol oltyl 
ether oad idiywological KmQ aoli»* 
tioa. 

U. 8. 2,194,188 Mar. 19, 1940 G. C. Supplee Method for prodadag a vitaaiio D 

Am. to The Bordea Co. proteia tyaiplex of eahaaced aatt* 

raefaitie aetivity. 

U. S. 2,228,491 Jaa. 14, 1941 F. v. Werder leolatioa of pure dlhydro-tachy 

Am. to Winthrop ftecal. , 

U. S. 2,245,418 Juae 10, 1941 R. C. Sherwood aad C. G. Produetioa of a sterile liWulsioo of 

Ferrari evaporated ntilk fortifiM with 

Am. to Gcaeral Mills ^oaeeatrate of vitaaiio bi by die- 

solviag activated ergostcml io but- 
ter fat, aad thea dispMsiag the 
butter-fat cooceatrate ia\ evapor- 
ated Bdlk aad caoaiag aad sterilis- 
iog the resttltiag product. 

U. S. 2,264,320 Dee. 2, 1941 O. Liaaert Vitamin Dt double compounds with 

Am. to Alba chotesterol, cholestanol or eopro- 

sterol. 


U.S. 3^,320 

Dec. 9. 1941 

R. C. Sherwood and C. G. 
Ferrari 

Ass. to General Mills 

Bmulsion of vitamin Di In evapo- 
rated milk. 

B, 

405,791 

Feb. 15, 1934 

Bell and Sons Ltd. and J.Sow- 

Vitamin D-oontaiaIng oils are ab- 
sorbed in Sour or other caifiers of 
porous nature and mind with ada- 
eral matter for animal feeds. 

B. 

F. 

406,029 

737,234 

Not accepted 
May 17, 1932 

N. V. Philips* Gloeilampen- 
fabrieken 

Vitamin D is preserved by adding 
oil or fat to a solution of ergosterol 
before, during or immediately after 
irradiation in the absence of oxygen. 

B. 

412,535 

July 11. 1934 

N. V. Philips* Gloeilampen- 
fabridEea 

Poultry feeds containing vitamin 
Di. 

B. 

449,888 

April 13. 1935 

Standard Brands 

Increase in vitamin D content of 
eggs by feeding hens vitamin D. 

O. 

495,450 

June 30, 1927 

HoBmaan-LaRoche 

Sterols other than cholesterol, e, g., 
ergosterol, are water solubSised by 
the formation of moao-esters 9 I 
dicarboxylic acids. 

G. 

Add. 

501B64 

to 

495,450 

Aug. 6,1927 

Hoffawaa-LaRodM 

Photo-activated ergosterol is water 
solubilised by the formation of 
mono-esters of dicarboxylic adds. 




VITAMINS B 


<&, 6Mii74 

Jam. «%IS0 
Oet. 15, l«t7 

C. L. Lautenschtlger aad F. 
Lladiier 

Am. to WiaUirop 

Proeem lor preparing crystdliaed 
vitamin B allogdidnates by estari- 
fication withd 3 Mniiriendd,fbaowiid 
by purification by adeorption on 
alaniinttm oxide followed by dii- 
tion. 



VITAMNSb 


»0. I o*r« 


m 


tmMm lOmUintd) 
V.S. 9 J 03 , 4 W fluae 4.1040 
S3I J84 I Dec. SI. 1940 


U. S. 3JS8M0 Nov. IS, 1941 


». 481.920 D«., 81, 1940 


Pat»ntbi 


J- S. Andrews 
Am. to Genera 


SfBthMb 
U. S. 29208,585 July 23, 1940 

S«.t.l7.1S41 
B. 838,871 Oct. 38, 1840 


V. 8. 3400,888 I Fob, 4, 1941 


U.8.8«8,147 JTtwt 16,1941 


a ® *'SS'SS 

»• 838,083 I Nov. IS, 1840 

(Add. to 
H. 529,081) 

B- 520,884 I Sept. 27. 1940 


** 527,806 Oct. 8, 1940 


Genernl MtIUi 


J. S. Andrews 
Am. to Geneml Mills 


General Mills 


P. Karrer 

Am. to Hoffmann-LaRoche 
P. Xarrer 

Ass. to Hofftnann-LaRoche 


F. V. Werder 
Am. to Merck 


W. John and P. GOntber 
Am. to Merck 


L. 1. Smith and H. B. Un- 
fnade 

Am, to University of Minne- 


Hoffmann>LaRoche 


Hoffmann-taRoebc 


AoeniACT 


Vitamin B concentrate from Mbm^t 
gm oil by catalytioany hydrogen* 
extraeUttg ttwhySn- 
genated oil with alcohol and further 
^ ieperatlag the 
•t^e end glycerides at low te^ 
mturea, saponifying and extract. 

ff^P^etion ot vitamin B coneon- 
fiimtion with n momdurdrk ■lefth ol 

Fw>» for preparing n concentraU 
of vitamin B from vegetable oils by 
ester*lnterchaage of the glycerol^ 
esters with a lower aliphatic mono- 
hydne alcohol to yield glycerol and 
Mters of monobydric alcohols, fol- 
lowed by separating the glyeeml 
and the sterols, and saponifying tVe ’ 
remaining mixture. 

Synthesis of viumin B by eonden- 
^ elkylated hirdroquinoBee 
with halogen derivatives of phytol. 

Separation of alpba-tocophorol from 
synthetic mixture, com- 
prising the treatment with 8-bromo> 
camphor-sulphonic add chloride, 
isolation of the condensation prod- 
uct and hydrolysis to yield the free, 
pure alpba-tocopberol. 

ProceM for the production of alpha- 
tocopherol comprisiag condenriug 
trimethyl-hydroquinonc with phy- 
tol in the presence of phosphonis 
pentoxide. 

Synthesis of compounds of the gen- 
^1 fomula of vitamin B by react- 
ing a dtfaydro-coumarin with a mix- 
ture of methyl •magnesium-halogeo- 
ide and the Grigaerd compound 
from a higher halogenated hydro- 
carbon 

Manufacture of tocopberol-likc 
compounds by reacting hydfoqut- 
nooM or their monoethers with di- 
enes in the presence of an acidic sub- 


Procem for the manufacture of dl- 
tocophcrols in which methyl-mthrii- 
tutod hydroquinoBca am reacted 
-ith phyW, iwphirM. pkytyl. 
halides or S-^lofe&o-dlliydfo-idiy. 

^w***^*^** ***• P***“«* ^ »*«» 

chlonda or formic add. 

Condensation of trimethyl hydro- 
qdsoaesaiid alkytone-haiides (wRU 
the oae^on of ptortyt-halidcs). 
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PATBKT INI»X 


Patent No. 

1 Datr 

PATaNTBB 

ABBTaACT 

Sjnthetii (Continued) 



B. 528.372 

dcf. 28. 1940 

Hoffmann* LaRoche 

Condensation of a1kyl*hydroqut- 
ttones with halides of alpha, beta- 
unsaturated carbmtyltc adds in the 
presence of an a^ condensiBg 
agent. 

B. 529.081 

Kov. 13, 1940 

Vnivertity of Minnesota 

Manufacture of coumarins and 

P. 855,414 

May 10. 1940 

ehromanes by condensation of 
hydroqulnones, alkylated or not 
alkylated, with substituted or un- 
substituted alkyl-halides. 

B. 532.304 

Jan. 1941 

Koffmano*LaRodie 

Acetyl-di-alpha-tocopberol by ace- 
tylation of d/-alpha-tocopherol. 

B. 537.774 

July 7.1941 

Hoffmann-LaRoche 

Manufacture of tocols from phytyl 
halides and alkylated uydroqui- 
nones. \ 

B. 539,097 

Sept. 22. 1041 

Hoff mann* LaRoche 

Ssmthesis of vitamin B from tri- 
methyl-hydroquinope wa tee mono- 
alkylene ether (e. of phvtol) by 
intramolecular condensation. 

B. 540,907 

Kov. 5. 1941 

Hoffmann-LaRoebe 

Synthesis of ethers and esters of 
tocols by condensation of phytol- 
compounds with mono-ethers or 
mono-esters of dimethyl-bydroqui* 
nones. 

B. 541,008 

Kov. 10. 1941 

Hoffniann*LaRoche 

Manufacture of ring homologues of 
vitamin B by condensation M phy- 
tol compounds with alkylat^ 
hydroquinones. 

B. 541,011 

Not. 10, 1941 

Hoffmann*LaRoche and J. E. 
Poliak 

Synthesis of vitamin B buJ’ rear- 
rangement of trimethyl-hydioqul- 
none-mono-phytyl-ether. followed 
by condensation under addic con- 
ditions. 

G. 374,142 

April 20. 1923 

L. Claisen 

Synthesis of ehromanes by conden- 
sation of phenols with butadiene- 
hydrocarbons in the presence of 
addic condensing agents. 

G. 703.957 

IMttrjMdUtwfQ 

Mar. 20, 1941 

V tho Syattioaia 

O. Hromatka 

Ass. to Merck 

Synthesi.s of vitamin B by condensa- 
sation of 3-amino-6-oxy-l,2,4-tri- 
metfayl-benxene with phytol com- 
pounds followed by conversion of 
the amino into a hydroxyl group. 

U. S. 2,229,573 

Jan. 21. 1941 

F. Jung 

Trimethyl-hydroquioone from tri- 

883,908 
Add. to 
a 678.198 

Nov. 18, 1989 

Ass. to Merck 

methyl-quinone by catalytic hydro- 
genation. 

U.S. 2.220«57i 

Jan. 21. 1941 

F. Jung 

Xylohydroquinone by catalyUe hy- 

Ass. to Merck 

norogenation of xyloquinone. 

U:B. 2,259.986 

Get. 21, 1941 
May 30, 1989 

F. Jung 

Duro-bydroquinone from duroqui- 

a ' 876,198 

Ass. to Merck 

none by catalytic hydrogenation. 

B, 508^ 

Juno 28. 1989 

Hoffmann-LaRoehe 

Manufacture of phytyl-bromide. 

B, 537,793 

July 7,1941 

Hoffmann-LaRodie 

Coodenaatien of trimethyl-hydro- 


quhnwe with aoctyl-phytol to yitid 




triflMthyl • o • mono - aec- 




tjd-hydroqfltiMOc. 









VITAMIN H 

009 

l^ATSirr No. | 

DATS 

Patsmtsb 

Anmacr 

PoclfiHfg tad Uttttiittwi 



v.a2.m.oo3 

July 35, 1980 

A. J. Pacini 

Am. to U. 8. Vitamin Gerp. 

Compoittioii of matter claimi for 
vitamin B and nwgneiium diatrib- 
uted therein In an amount not tern 
Jian 0.05%. 

U.S. 3^13,281 

Aug. 37. 1040 

F. V. Werder 

Am. to Merck 

ProccM ctaimi for the reaCttou of 
durohydtoquinone with long cAiais 
alkyl halides, atkylene haltdes and 
hydro^aromatie halides to form 
compounds of the type 
Ci(CH«) 4 (OH)OR, R » 6-U car- 
bons. Product Claims for the lat- 
compounds with vitamin B 
activity. 

U.S. 2,212,533 

Aug. 27, 1040 

F. V. Werder 

Am. to Merck 

Procem claims for the reaction of 
trimethyl-hydroquinone with long 
chain alkyl halides, alkyene halides 
and hydro-sromatic halides to form 
compounds of the type 
CsH(CHi)i(OH)OR, R - 6-14 car- 
bon atoms. Product claims for the 
latter compounds with vitamin 
activity. 

U. & 2,216.841 
B. 506,563 

B, 537,006 

Oct. 8,1940 
May 31, 1989 
Sept. 80, 1940 

O. liter 

Am. to Hoffinattn*LaRoche 

Composition of matter claims to 
duro - hydroqninone - mono • phy- 
tyl-eiher and procem for prepara- 
tion by reacting duiohydroquinonc 
Ith a phytyl halide in the presence 
of an alkali metal carbonate. 

U. & 2,281,125 
B, 536,602 

Feb. 11, 1941 
Mey 21, 1941 

P. Karrer 

Am. to Hoffmann^LaRoche 

Composition of matter clattns for 
tocopherol-cdeate and stearate. 

U. & 2,235,884 

Mar. 25, 1941 

W. John and O. Dalmcr 

Am. to Merck 

Process for the manufacture of 
monoetbers of trimethyl-hydroqui- 
none by treatment with aliphutickw 
aromatic, saturated or unsaturated 
alcohols, esters or halides. Product 
claims for the octadecyl ami tiona- 
decyl mono-ethers. 

U. 8. 2,245,480 
B. 529.028 

G. 702,401 

June 18, 1941 
Nov. 12. 1940 
Feb. 8,1941 

P. Karrer 

Am. to Hoffmann>LaRocbe 

Process for the manufacture of con- 
densation products from beta-toeo- 
pherol and alpha, beta-uusatu- 
rated alkyl-halides. 

V, 8. 2,247,364 
G. 704,171 

July 1,1941 
Mar. 25, 1941 

E. Femholf 

Am. to Merck 

Mono- and di-alkyl-ethcrs of duro- 
hydroquinone. 

B, 517,982 

Feb. 13, 1940 

aba 

Manufacture of mono-ethers from 
alkylated pafa-dihydfoxy-bcnxeues 
and aliphatic alcohols containing 10 
or 11 carbon atoms forming a 
branched carbon chain to which 
may also be IHikod an alicyctic resi- 
due. Also esteriaeatioh of the free 
hydroxyl group of the reaction 
product* 



VITAMIN H 


U. 8. 3.193,538 

Mar. 12. 1940 

F. SchulU 

Am. to Wintbrop 

Vitamin H is liberated from tissue 
protein by hydrolysis at elevated 
temperatures and extraction with 
organic solvcnu 



010 


, PAT^rr moBX 


Patbat Ko. 

Date. 

PAtUKTEB 

Amtkact 

U. S. 2.202»S07 

Mmsr 28, 1940 

L. B. Boober 

Conceatimtlon M vitamin H by ad- 
•orption of an alcohdUc •oliitiM on 
activatod carbon fditowed by Oln* 
tiott with aleoholf , benscne*alooiiol 
or acetone. 

B. 4d9,534 

G. C4M14 

Jaa. 11. 1987 
27, 1987 

1. G. 

Purification of vitamin H prepara> 
tioae by elcctrodialyiis. 

B. 403»688 

April 5. 1987 

P. Sehults 

Bxtraettoa of vitamin H from ani- 

G. 064,088 

G. 651.435 

Aug. 19, 1988 
Get. 15. 1987 

Am. to I. G. 

mat organa by energetic hydrolyria 
fcfilowed by acetone addition which 
predpitatea impuritiea and leaves 
the vitamin in aolutionJ 

B. 484,981 

P. 824,878 

May 9,1988 
Pcb. 17,1988 

1. G. 

Treatment of aeeda wi» biotin or 
derivativea in various carriers. 

G. 661,029 

Jane 30. 1938 

1. O. 

Biotin extracts from yeut, seeds, 
germs, egg yolk, etc., bn precipita- 
tion of impurities in crude extracts 
by means of Reinecke-salt. ptcro- 
tonic or oxalic acid or bu acetyla- 
tion. Precipitation of biotin with 
phosphotungatic acid or mercuric 
chloride. 

G. 670,098 

Jan. 11, 1989 

I. O. 

Precipitation of biotin withHtPtCU. 

G. 670,922 

Coatifluation of 
670,098 

Jan. 27. 1939 

1. G. 

Isolation of biotin after previous 
esterification. 


VITAMINS K 


U. S. 2,233,279 

Peb. 25, 1941 

S. Anabacfaer, B. Pernhols and 
M. L. Moore 

Ass. to Squibb 

Process for concentrating vitamin R 
by adsorption cm activated charcoal 
followed by elution. 

B. 533,513 

Feb. 14,1941 

St. Louis Univennty 

j 

Isolation of vitamins K by adsorp- 
tion cm a base exchange silicate, 
s. f., sodium aluminum silicate, fol- 
lowed by extractiem with non-polar 
solvents, c. f., bensene. 

B. 539,471 

Sept 11, 1941 

Parke, Davis 

Manufacture of 2-mcthyl-4-amino- 
naphthol from l,4-Baphthc»qniaone 
or nitro-methyl-naphthale'ne. 

B. 341.138 

Nov. 13. 1941 

Hoffmann-LaRoche 

Manufaerture cd acid auednie add 
esters of alkylated 1,4-naphtho- 
hydroquinoncs. 


VITAMIN P 


G. S. 2,224.807 

Dee. 10, 1940, 

M. BroCkmfiht and B. Bar- 
tbolomfius 

Am. to Winthrop 

Procem for the productioB of glnco- 
' aides of polyhydraxy-fiavanoaes. 

B. 

Cnk 30M4I 

June 13. 1988 
July 19. 1941 

A. Sscat«Oy5rgyi 

Am. to Winthrop 

ProecM for the oxtractiem of fia- 
vones fkom vegotablo aiaterial by 
meaiis of an onfinic aotvant mis- 
cible with water, predpltatimi with 
an aUtntt or oarth-aBcaU-awtat 
hydmlcle followed by add deeom- 
potion. 













CHOUNIi 


811 


C'llOLIKlS 


Patbnt Na 

Datk 

PATIiNT&a 

AsaTRAGT 

U. S. 1.004.0])h 
B. M.7i:i 

U. S. 1.057,443 

April 18. 1033 
Jan. 13. 1030 

May 8, 1934 

G. Roy 

As.s. to HsiiMK Kh5iie- Poulenc 

J. K. Ciiue 

Ass. to Merck 

Solutions of acetyl>choUiie salts in 
ethylene glycol monoacctate or 
glycerol mono* or di*acetate. 

Saits of acetylated cholines. 

U. $.1,057,461 

May 8. 1034 

L. W. Jones and R. T. Major 
Ass. to Merck 

Acetyl choline salts. 

U. S. 2.M0.463 

Aug. 4. 1930 

R. T. Major and J. Kline 

Ass. to M«rck 

Salts of beta<alkylated eholtne alkyl 
ethers. 

B. 

8.031/14 

Mar. 30, 1914 

J. Y. Johnson 

Saits of choline. 

B. 

379.260 

730,107 

Aug. 26. 1932 
April 29, 1932 

P. Kdrner 

Preparation of salts of choline. 

<i. 

200.623 

Aug. 12. 1913 

1 

Hoffmann«LaRocfae 

Non-hygroscopic salts of choliae 
with tlihalohydroxybensoic acids. 

G. 

306.772 

May 16, 1018 

Cbem. Werke Grenzach 

Arsoniutn compounds <rf the eholtne 
type. 

G. 

500.311 

Jan. 10, 1934 

Merck 

Quaternary salts of ehoUne deriva- 
tives 

<1. 

603,268 

Pcb. 23. 1034 

E. GlUcksmann 

Choline salts of bile acids. 

G. 

638.041 

Nov. 20, 1936 

Hoffmann-LaRocke 

Alcoholic solutions of hygroecquio 
salts of acetylcholine. 





RBCOMMBNDED DIETARY AtU)WANCB$ 



Recommended Dietary Allowances* 

Recommended by the Food and Nutrition Board* National Research Council 





















614 


RBCQMIIBNDBD mBT4BY ALLOWANCBS 


Footnotai to TalAe 

^ TenUtive goal toward which to aim in |>laiming practical dietaries; can be met by 
a good diet (d natural foods. Such a diet wUl also provide other minerals and vitamins, 
the requirements for which are less well known. 

* 1 mg. thiamin equals 333 1.U.; I mg. add equals 20 l.U. 

^ Requirements may be less if provided as vitamin A; greater if provided chiefly as 
the provitamin carotene. 

* Needs of infants increase from month to month. The amounts given are for 

approximately 6-3 months. The amounts of protein and caldum needed are less , if 
derived from human tnilk. t 

* Allowances are based on needs for the middle year in each group (as 2, a, 8, etc.) 

and for moderate activity. \ 

^Vitamin D is undoubtedly necessary for older children and adults. When not 
available from sunshine, it should be provided probably up to the minimum amounts 
recommended for infants. \ 

further Recommendations » Adopted 19 j^: \ 

The requirement for iodine is small; probably about 0.002 to 0.004 milligram a day 
for each Idlogram of body weight. This amounts to about 0.15 to 0.30 milligram daily 
for the adult. This need is easily met by the regular use of iodised salt; its use is 
especially important in adolescence and pregnancy. 

The requirement for copper for adults is in the neighborhood of 1.0 to 2.0 milligrams 
a day. Infants and children require approximately 0.06 per kilogram of body weight. 
The requirement for copper is approximately on^-tenth of that for iron. 

The requirement for vitamin K is usually satisfied by any good diet. Special con- 
sideration needs to be given to newborn infants. Physicians commonly give vitamin 1C 
either to the mother before delivery or to the infant immediately after birth. 
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Chfomoftrichia factor. 283 
Chrembias-chtoridc method, 65 
C^nhosis of the liver, in essential methyl group 
defcy., 544 

Ws-Acottie add in dtrie add cycle, 137 
ds-fraits4sonieriam of vit. A, 65, 71 
Citric alid, entymatie dshydn., 174, 227 
synthesis from oaaloaeetie achL 187 
ayntheahi from pyruvic add, 187, 138 
vit. p acty., 409, 425' 

Citric Add cycle, 187 
Citrin <vit, P), 518 
C. U Ov Unit of vit. A, 78 
Clinical l|nit of vit. P, 417 
CoagnlAAlon yimmin, 481 
Cocac b mtylaae, dephosphorylatiottk 124 
doth., 131 
hydrotyshi, 124 
idnpdflMtion, 123 


in hUmd cells, 135 

protein-con^tex, 135 
synthetia, 124, 125 
vit. Bi acty., 126 
Cod Liver Oil Unit of vH. A, 78 
Cedehydrogenases. oxidn. of the dihydto-eom- 
pounds, 172. 174 

Codehydrogenases I and II, requirements, 250 
Codefaydrogeaase 1, 229 
absorption spectrum, 230, 231, 233 
constitution, 232 
detn., 238, 234 
isolation, 280 
occurrence, 229 
optical acty., 281 
properties, 230 

separation from codehydrogenase II. 235\ 
separation from riboflavin-adeninc-dinVeleo* 
tide, 230 
•tandard, 234 
■smonyms, 229 
83mthesis,>283 
Codehydrogenase II, 234 
absorption spactrum, 281, 233, 285 
constitution, 236 
detn.. 237 
isolation) 235 
occurrence. 234 
optical acty.. 236 
property, 235 

aeparatfam from codehydrogenase I, 235 
separation from riboflavin-adenine-dittii* 
cleotide, 230 

synonyms. 284 j 

synthesis. 237 
Coensyme. 171. 227 
Coenxyme R (biotin), 469 
Coenzyme R test, for biotin, 474 
Coenzyme I, 229 
Coenzyme factor, 173 
Coferment X, 229 
Coferment of fermentation, 229 
Colitis, vit. K therapy, 407 
vit. M therapy, 525 

Colostridum buiylicum teat for biotin, 474 
Colpofceratosis in vit. A defcy., 92 
Complement, vit. C relation, 381 
Complementary factor, 197 
Compound specificity, defn., 19, 406 
of vit. D. 408 

Coniferyt alcohol in biogenesis of flavanones, 515 
Constant yield oil, 61 
Convttlsiona in vit. Bt defcy., 146, 147 
in vit. defcy., 214 
in vit. £ defcy., 462 
Coreductase, 229 

Cornea, vascnlariaatkm in riboflavin defcy., 189, 
191 

Cornell Unit of riboflavin, 185 
CorpuscularTays lor attivation of provit. D, 871 
Coumaran ring gystem and vit. B structure, 442 
Coward Unit of vit. P, 417 
CowgiUUpitof vit.Bt.t82 
Coaymase, 229 

Creatine, essential met^-groap supplier, 645 
meUbolistiiin vtt. B defcy,. 457, 464 
synthesis tmnsmcthylatioo, 547 
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ia vit. B Met., 460 

CtMjri aleohol, aasynutie nduetfam, ITT 
CmWoMBthtn*. eoBMHtttimi, 41. 48 
45 

oeemrrcace, 50 

prolwrtiai, 41 

^•Cumoquiaol Irooi ^-tocopherol, 448 
from Y-toeopherol, 444 
Cnmo-tocopherol, 480 
Cpanitic dye test for vit. B«, 210 
Cyano^aeetonide in vit. B« eynthesis. 204 
8 - Cymoo - 4 - ethoxy - methyl - 6 - methyl 
pyridone, 204 

^ • ^ano - 4 - ethoxy - methyl - 8 - nitro 6- 
methyl-pyridone, 204 
Cyaao-ethyl-aeeute test for vit. K, 601 
Cyanogen bromide test for nicotinic acid, 240 
in urine, 248 
in blood. 249 

Cymno-sttccinate in vit. Bi synthesis, 108 
l-Cd-Cyclo-^geranyU-geraniol, vit. A acty., 76 
Csrelohexanehexol, 276 
Cysteine, enxymatic oxidn. to cystine, 228 
vitagen natnre, 649 

Cjrtoehromes a, 6 and e, enxymatic reduction of 
oxidised, 177 
Cytochrome a. 174 
Cytochrome 6, 174 
^tochrome «, 173 
in vit. C oxidn., 827 
Cytochrome s oxidase, 173 
activation by vit. C. 329 
in vit. C oxidn., 827 
Cytochrome r reductase. 171 
Cytoflav, 164, 177 
Csrtopcnia in vit. M defcy., 626 


Dam Unit of vit. K, 604 
Dana Bvelyn L-030 ma value, 78 
Dana Unit of vit. K, 604 
Daphnia test for vit. E, 453 
Dark adaptation in vit. A defcy., 89, 92, 93 
in vit. Bi defcy.. 192 
test, 93 

Deafness, eighth nerve .(high tone), nicotinic acid 
treatment, 247 

Decatciheation in D-hypervitaminosis, 429 
Decarboxylation of si-keto- butyric acid, 13G 
of o-kete-carboxylic add, 136 
' of tt-keto-gltttaric acid, 186 
of n-kcte-valerlc add. 136 
of pyrttvk add. 186 

Dehsrdfo-aaeorbie add, ctUular reduction, 327 
doth.. 816 

deta, in presence of ascorbic add, 322 
o o c w renca. 291 
preparmtionr 898 

■epamtion from ascorbic add. 822. 
vit. C acty.. 814 
Ddiydio«diolestciHHn. 868 
7<pXMy4ri<Ohdeoterol. oetiviited, 341 
oetlvottoA. 869 
bioieo^e. 866 
comtitnlhM. '859 
oegttffenca. 8M 
yanpirtifla. 8^ 


syntbeeb. 360 

Dehydro-ergosterol Jirnm eiiQcterol. 899 
from isopyre-catdfarol. 899 
Dehydrogenases, 227 
Dehydro-ltuttisterol from Inodsterol. 899 
from pyro-caldferol. 899 
Dehydro-neocrgosterol, 357. 858 
^^Dehydro-semicarotenone. preparation. 75 
vit. A acty., 75 

7-Dehydro-sitosterol, activated. 841 
properties, 349 
synthesb, 365 

7-Dehydro-8ttgfflasterol. pnqierttes. 349 
synthesis. 865 

df-8,4-Dehydro-n-tocopherol. vit. B acty., 460 
Demethyl-dihydro-catciferol. 388 
Dentine apposition in vit. A defcy.. 98 
Dephosphorylation, enxymatic. 124 
of cocarboxylase, 186 

Depigmentntion in p-amino-benxoic acid defcy., 
286 

in pantothenic add defcy., 269 
Dermatitis in biotin defcy.. 476, 477 
in riboflavin defcy., 191 
Dermatosis in essential fatty acid defcy., 689 
in vit. A defcy., 92 * 

6>De8oxy-f-ascorbic add. vit. C acty., 814 
6-Desoxy-tocol, vit. B acty., 449 
4-Deaoxy-vit. Bn, vit. Biacty., 209 
Detoxifications by vit. Bi, 146 
by vit. C, 330 
by vit. P, 617 

Deutero-leuco^rlboflavin, 168 
Dextrose in vit. C biogenesis, 312 
7 1 7- Diaceto-7-balogeno-propyl-alcohol ,117 
7 . 7 ''Diaceto- 7 ’mereapto-propyl’aloohol. 1 17 
Diacetyl from a- tocopherol, 441 

2.3- Diallyl- 1,4-naphthoquinone, vit. X acty,, 497 
Diamines, enxymatic oxidn., 176 

Diamine oxidase, 171 

а, c-Diamino-caproic acid (lysine). 640 
Diapbormse, 173 

Diaphorase I, 171 
Diapborase II, 171 
Diaphorases, classification, 174 
dehydn. of the reduced, 174 
hydn., 174 

Diaphragm metabolism in riboflavin defcy., 190 
Diarrhea in vit. M defcy., 525 
Dtaso-benxene-sulfuric acid in test for vit. Bi, 
128 

2.2- Di-M-butyl-chroman, vit. B acty., 461 

б, 5'-Dichloro-barbituric acid in riboflavin syn- 

thesis. 169 

2.4- Dlcbloro-bensene-^iaso&iuffl chloride in test 
for vit. Bi, 129 

2.6- Dicbloro-plienol-ittdoph 4 »ol • test for vit. C, 
816 

2.6- Dicbloroqttinone ehlorimide test for vH. Bs. 
210 

2.2- Diethyl-chrcHnan. vit. B acty., 461 
I^thyl-methyl-tocol, vit. B acty., 449 
6r.7-Dietiiyl-tooot. vit. B acty.. 449 
Digitonin predpitation of sterols, 862 , 
XM-o-hexenyt-phenol, vit. B acty,, 451 
Dihydro-andhidonie acid, 538 
o-Dthydro-carotene, vit. A acty., 76 
I^Dihydro-catbtcAv* vit. A acty.. 75 



894 


snBjBti^noxBx 


Dih3rdro>cocmrboxytMe. vit. Bi maty,, 12d 
JOihydroHeodehydrogcnMW, dehydn., 229 
Difaydro*codehydrogeii«»e I, AbMrptkm spectmn, 
230. 231. 283 
fluoresjcence. 231, 238 
occurrence, 280 

Dihydro-codehydroge&aae 11. nbeor^ion epee* 
trum, 231. 238, 236 
fluorescence, 235 

a-Dihydro-ergoeterol, occurrence. 865 
22-Dthydro>ergoeterol. activated, 841 
constitution, 369 
properties, 340 
synthesis, 368 

Dihydro-nicotitiamide compQpnds, 238 
2-(d. 7* Dihydro-phytyl)-!, 4-naphthoquinone, vit. 
K acty., 406 

Dihydro-riboflavin. 160, 180 
Dihydro-tachysterol, 370 
Dihydro-vit. Bi, vit. Bt acty., 126 
Dihydro-vit. Ds/ from tachysterol, 370 
from vit. Dt. 370. 302, 393 

5,8-Dthydro-vit. Ki, vit. K acty., 400 
a,d-Dihydroxy-7‘butyro1aGtone, pantothenic acid 
acty. of condensation product with d-alantne, 
265 

3,3'-Dihydroxy-a-carotene, 44 

а, 7*Dihydrozy-/9.d-‘dtmethyl-butyric acid, 250 

«,7 - Dihydroxy • - dimethyl - butyryl - d'- 

alanide, 254 

Dihydroxy-maleic acid, 297 

б. 7-Dimethyl-atloxastne, 160 

1,2 » Dimethyl - 4 - amino - 5 • methyl • amino- 
benxene, 163 

4.5- Dinieth3rl-2-amino-phenyl-ribamine. 164 

2.5- Dimethyl-4-amino-pyrimidine, synthesis, 100 

6.7- Dimethyl-0-(d,l'-arabity1)< isoalloxaxine, 181 

6.7- Dimathyl-0.(/.l '-arabityD-isoalloxasine, 181 

2.5- DimethyI-bensoquinotte, vit. K acty., 498 
l,l-Dimethyl-3-lrr/-butyl- 1,4- dihydro-anthraqui- 

none, vit. JC acty.', 407 

2.5- DimetbyM-chloro-pyrimidine. synthesis, 109 

5.7- Dimethyl-8-ethyl-tocol, vit. E acty., 449 
a,at-DU»ethy]-glutafic acid from d-carotene, 48 
2,4 - Dimethyl - 3 - hydroxy - 5 - hydroxy- 
methyl-pyridine, 200 

a,o - Dimethyl - d - hydroxy - propionic acid 
in pantothenih acid, 259 

2JS-Dimethyl-4-hydroxy-pyrimidine, synthesis, 
109 

Dtmethyl<«M]eic anhydride from «t-tocopherol, 
441 

Dimethyt-malonic acid from d-carotene, 48 

1.6- Diiniethyl-baplithaleae from vit. A, 62 
2,3-DfmethyI-l,4-naphthoiiydfoqtdnone sodium 

disulfate, vit. K acty., 498 
2,8*]Bineriiyl-l,4-si9>]it1ioqtttnooe, vit. 1C acty., 

496 

2,5-Dimetiiyf^l,4-iiafdithoqtiinette, vit. K acty., 

497 

2,6 - DimeChirl • 1,4 - naphthoquinone, vit. K 

vit. K acty., 
vit. X acty.. 
vit. K a«ty., 

m 


adty.,497 


2,8-DitBethyl-l,4-naphtlioquioatte oxide, vit. K 
acty.. 498 

2,7*Diniethyl-l,4-naphthoquUione oxide, vit. K 
acty., 498 

2.6- Dlmethyl-8-phytyM.4-naphthoqttinotte, vit% 

K acty., 497 

6.7- Dimetliyl.9-(d-l^-riiatyI)-iso-allexaritte. 158 
oi-Dimethyl-sucdnic add from d-carotene, 48 
2,3* Dimethyl - 5,6,73 - tetrahydro- 1,4 - naphtho- 
quinone, vit. B acty., 451 

A»8-Dimethyl-tocol, 436 

7.8- Dimethyl-to(ml, 486 

2,4-X>initro-chlorobenxene test for nicotinic add* 
241 

in urine, 248 
Dioxido-stearic acid, essential fatty add/ acty., 
586 

Dioxy-acetone-phosphate, ensymatic 
174 

Diphosphoglycerate, eaxymatic hydn., 227 ] 
Diphosphopyridine nucleotide, 229 
Diphosphothiamin, 123 
Diphosphothiamin-magnesium-protdtt, 123 
m-Dipyridyl in nicotinic add synthesis, 224 
Distillation, short-path high- vacuum, 61 
of vit. A. 61, 67 
of vit. At, 68. 70 
of vit. D, 388 
of vit. E. 438, 448 
Dithioformate, 116 

Docosa-hexa-enoic add, essential fatty add aety.. 
536 


Docosa-penta-enoic add, 538 
2-Dodecyl-2,5.7,8-tetramethyl-6-oxychroman,vit. 

B acty., 450 / 

Drug hypersensitivity, vit. C therapy, 884 ' 

Duro-hydroquinone, vit. B acty., 450 
Duroquinonc from a-tocopherol, 441 
vit. K acty., 498 
Dysentery in vit. M defey., 525 


Bchinenone, constitutiem, 42, 48 
isolation, 45 
occurrence, 89 
properties, 42 

Bexema, essential fatty add therapy, 589 
Bdema in vit. Bi defey., 142, 146 
Bgg hatchability in pantothenic add defey., 269 
in riboflavin defey., 191 
in vit. D defey., 420 
in vit. B defcy.t 468 
Bgg production in choline defey., 545 
in riboflavin defey., 191 
Bgg-wbite toxidty, 476 
n-Bicosanie add from arachidonic add, 585 
Electrons for activation of provtt. D, 871 
Blimination curve, 61 
Bluatc factor (vit. Bi), 197 
Bmaciatum in biotin defey., 476 
Bnamel organ 2n Vit. A defey., 93 
Bneephalomalada in vit. B defey., 468 
Endurance, lowered, in vit. Bi defey.; 146 
Enridted flour, vit. content, 84 
Bnssrmes, p-amido-bensoic add effect, 295 
asoarblc add effect, 328 
Epi-chdeiterot, 363 
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•ystliesb, 888 

1M-crcotterol, comtitiitlott, 889 
propertiet, 848 
syntheris, 888 

Birilw. l«oi>.tWc. in vit. B. 4tfcy.. au. 316 
^^Uioa ntroplir in vit. A defc^ 91 
BpitbcHuffl-protectiiif vit» 87 
Ergias, 14 
Ergons, 16 

Brgoitndiene-triol, 854, 858 
BrgQitadiotte-3.8. 384, 858 
Brgostane. 380, 881 
Brgostane-triol>8.5,8. 384, 865 
Brgostanol, 380, 351 
Brgostanyl'Chloride, 350. 361 
Brgottene>dione, 854, 355 
Brgosterol absorption spectrum, 350 
activated, 341 
activation, 368 
biogenesis, 365 
constitution, 350 

maleic anhydride, addition product, 356, 357 
occurrence, 345 
optical acty., 348 
properties, 348 
Brgosterone, 363 
Briodictin, 513-518 
Briodictyol. 513-518 
Baecntial amino-adds, 540 
Essential carbohydrates, 542 
Bspential fatty acids, 531 
Essential methyl group. 543 
Essential sulfhydryl group, 549 
Bssential sulfur compounds. 549 
Bsterase in vit. C defcy., 3^ 
Bthoxy-acetyl-acetone in vit. B« synthesis, 204 
d-Bthoxy-ethyl-propionate in vit. Bi synthesis, 
107 


Ethcacy-methylenc’malonic nitrile in vit. Bi syn- 
thesis. 108 

Ethyl-formate in vit. Bi synthesis, 107 
8 * Ethyl - 7 - methyl - 9 - (d,l' - ribityl) - iso- 
alloxasine, 181 

2-Bthyl-l. 4-naphthoquinone, vit. K acty., 496 
2oBthyl-3-phyty 1-1, 4-naphthoquinone, vit. K 

acty., 497 

3«Ethyl-pyridine in nicotinic add synthesis, 224 
7-Ethyl.9-(d.r-ribityI)-isoaUoxaxine. 181 
Excretion test for nicotinic acid defcy., 248 
Bxo|[enous hormones, 13 
Extrinsic factor in pernicious anemia, 527 
Bye lesions in tryptophane defcy., 541 
in vit. A defcy., 92, 93 
in vit. Bs defcy., 191 
in vit. C defcy., 383 


Factor 1 (vit, B«), 197 

Factor 2 (pantothenic acid), 253 

rFactor P. 283 

Factor S (biotin), 469 

Fdetor T. 525 

Factor U, 525 

Foefor V, 229, 234 

Faqtor W 469 


Factor X<tdoUn),4ii 
Factor X (vit. B), 488 
Factory (vit. B.), 197 

2 . Pamesyl - 8 - hydroxy - 1,4 - naphthoquinone, 
vit. K acty., 497 

2-Pame8yi-l,4-naphthoquiaone, vit. X acty., 
498 

2-Pamesyl.l,4-aaphtlioquinone oxide, vit. X 
acty., 498 

Fat metabolism, biotin relation, 478 
choline relation, 546 
essential fatty add relation, 538 
vh. A relation, 88 
vit. Bi relation, 142 
vit. Bt relation. 188 
vit. Bs relation, 213 
vit. D relation, 426 
vit. B relation, 457 
Pat-soluble A, 12, 87. 57 
Fatigue in vit. Bi defcy., 146 
Fatty adds, essential, 531 
Fermentation, biotin relation, 475 
vit. Bi relation, 188 
Ferric chloride test for vit. A, 80 
for vit. Bi. 211 

Ferric chloride-dipyridyl test for vit. E, 452 * 

Fertility dose of vit. B. 455 
Fertility test for vit. B, 454 
Fertility vit., 435 
Fibrin from fibrinogen, 505 
Fibrinogen, transformation into fibrin, 605 
Fibrositis in vit. £ defcy., 464 
Filtrate factor (pantothenic acid), 253 
Flavin (riboflavin), 153 
Flavin-ensymes, 171 
Flavin-glucosides, 167 
Flavins, classification, 154 
Fluorescence of dibydro-codehydrogenase 11, 
235 

of lumichrome. 160 

of riboflavin, 157, 179, 182 

of thiochrome, 120 

of vit. A, 82 

of vit. As, 82 

of vit. Bt, 157, 179, 182 

of vit. XU, 485 

Fluorometric detn. of dihydro-codehydrogenases 
I and 11. 233 

of dihydrocodehydrogenasc II, 237 
of vit. Bi, 128 
of vit. Bi in urine, 147 
of vit. Bt, 182 
Folic add, 525 

Fblin and Denis test for vit. Bs, 210 

Folin test for vit. C, 319 

Foot drop in vit. Bi defcy., 146 

Formaldehydh-axo-test for vit. Bi, 128 

Formamidfe in vit. Bi synthesh. 112 

Formate, ensymntlc dshydn., 227 

Formyl- ^ethoxy-ethyl-propionate, 107 

Pormyl-cthyl-proplonate, 109 

Formyl-sucdnate, 108, 122 

Fortification cf bread with vitamins, 84, 402 

Fortification of fiottr with vitamins, 34 

Fortification of foods with vitamins, 34, 402 

Fortification of milk with vft. !!>, 403 

Fright disease in essential aminMdd defcy., 841 

Pudiiine-siilftdrotts add test for vit. D, 413 



^^OBJSCtmDBX 


mm 

DUO 

I’Pma^ma^orhkt mxM, Wt. C acty., 814 
Fwaarle acid, efuqrtnatte reduetioa, 177 
, In citric ndid csrcic, 187 
' synthecia from oxaloacetic add, 187 
aynthcsia from pyruvic odd, 187. 138. 189 
Fumorlc hydrogenoae, 177 
Furfural teat for vit. C. 821 
Purunculosia, biotin therapy, 477 

O 

/•Oalactonamide in i-1yx€>ae ayntheaia, 309 

1- Oalactoaic acid, growth factor. 542 

in i'lyxoae ayntheaia, 309 
d-Gaiactoae in /'tyxoae synthesis. 809 
/-Galactose in vit. C ayntheaia. 808, 804 
d-Galacturonic acid in /-lyxoae aynthtois. 309 
Qalacturonic acid in vit. C biogenesis. 813 
(^metogenesis, role of carotenoids in. 87 
Gastrointestinal disorder, in l>-hypervitamiaoaia, 
429 

in nicotinic add defcy., 240 
in vit. A defcy.. 02 
in vH. Bi defcy., 146 
in vit. Bt defcy., 522 
in vit. C defcy., 334 

Gastrointestinal motility, inositol relation, 279 
nicotinic acid relation. 245 
Oeraniol, ensymatic reduction. 177 

2- Oeranyl«l,4-naphthQquinone, vit. K acty.. 

490 

Geronic acid from d'onrotene, 46 
from vit. A, 62 

Gestation in vit. B defcy., 454. 455, 459, 461 
Gibb’s phenol-indophenol teat for vit. Bt, 210 
^ttgivitia, in vit. C defcy., 338 
in vit. M defcy., 525 
Giri test for vit. C, 320 
Glossitis in nicotinic acid defcy., 246 
in riboflavin ddcy., 191 
Gluctde X, 290 

/-Gluco-aacorbic add, vit. C acty., 314 
d-Gluco-hepto-ascorbic acid, vit. C acty., 314 
Gluconic acid from glucose, 227 
growth factor, 542 

Glucose, enX 3 rmatic oxidn., 174. 177, 227 
hydn. to d-sorbitot, 804 
in /-xylose sjmthesis, 308 
In vit. C aynthesis, 304 
Glucose oxidiaae, 171 

GluccMW-fl-phosphate, ensymatic dehydn.. 227 
Glueut'emc add. grosrth factor, 542 
in vit. C Mogcnesis, 312 
Glutamic add, ensymatic dehydn., 227 
Oltttatfaiotte, vitagen nature, M9 
Glircerin-aldehyde-phospliate, ensymatic dehydn., 
174 

Qtyoerin-pbosphodc add, ensymatic dehydn., 
174 

Glycerol-diethyl ether, as solvent for vit. D, 
408 . . 

oHiaiycernpfcoi^yfaate, ensymatic dehydn.. 227 
Glyc^. vit. B 4 netBOO, 522 
Glydioen nietahntism, vit, Bi relation, 142 
CtycoBenotropIc 1iormo!ne, .re1ntloiii to vU. A. 91 

etl^l in vit. CspntlMsis, 810 
GojMMbkjhlodde tcit Idr vit. C, S8l 


forvft, S,453 
Grass |uice factor, 526 

Guanine in growth factor for lactdmdllus, 826 
Guinea pig test for vit. C.'828 ' 

for vit. P. 516 

/-Oulonie a^ in f-gulose synthesis* 305 
oxidn. to '2-keto-gulonic add, 307 

1- Oulonic add lactone in l-xylose synthesis. 806 
/-Culose in vit. C synthesis, WV8, 804;' 805 

rdation to vit. C, 299 
lynthesis. 805 

Gum arable, growth factor. 542 
Gums, ulceration, in vit. M defcy.. 525 
Curwitsch-rays for activation of provit. t>. 404 
Ottvadn in nicotinic add biogenesis, 226 

H 

Head retraction in vit. Bi defcy., 146 
Heart failure in vit. Bt defcy., 146 
Hematoma in vit. C defcy., 838 
Hemeralopia in vit. A defcy., 92 
Hemochromogen cmidn., vit. C |iartidp5tioa, 
328 

Hemoglobin oxidn,, vit. C partidpation, 328^ 
Hemophilia, relatton to vit. K defcy., 507 
Hemorrhages in A-hypervitamlnosis, 95 
in essential methyl group defcy., 544 
in vit. C defcy., 830, 833 
in vit. K defcy., 507 
in vit. P defcy., 518 
Hepatoflavin, 153, 156 
Hepaxanthene, 72 

2- fl-Heptenyl-3-hydrosy- 1 ,4-naphthoquiaotte, vit. 

K acty., 407 f 

Hesperidin. 518-518 ^ 

Hesperitin, 518-518 
Hetero-vit. Bt. 127 

2- M-Hesadecyl-l,4-naphthoquiaone, vit. K acty., 

496 

d.Y>5*5>7,8 - Hexahydro * vit, Ki, vit. K 
acty., 499 

Hexose- diphosphate, 125 

Hexose-monopboaphate, ensymatic dehydn., 174 
Hexuronlc acid (vit. C), 289 
Hexusonic acid in vit. C synthesis, 303 
Histamine, ensymatic oxidn., 177 
Histidine, essential amino-add, 540 
Hock disease in vit. Bp ddCy., 523 
Holoensymes, classifbcmtion, 227 
terminology, 227 
Hormcmes, ddn., 3 
Hormosyme, 14 

Hydroquinoue ae antioxidant for vit. A, 68 
Hydroquiaone poisoning, effect of p-amino- 
bensoic acid, 285 

Hydroquinone-diacetate, vit. K acty., 407 
8-Hydroxy- butyric add, ensymatic dehydn., 227, 
229 

a-HydToxy-Y-butsrrolaetotte, pantothenic add 
acty. of ooodimsatioa product with ff-atanine, 
265 

3- Hydroxy-8.8-carotene. 41, 46 

7- Hydroxy-cholcsterol In 7-ddiydro-diolcstorbl 

synthesis, 300. 861 

8- 7-Hydraxjr-da(dssterot, aoo, 861 
7-|Iydrony-dto]aitorol-3-bcnsoatc in 7<4k4l3Nfi^ 

dmicstorol syatiMste, 360 
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9 wJSISj^ T***^ tf*«»«iiii«, 2«5 

vit. « 

5>H3^i^.l.4.|i«pbthoqttiiwae, vit. K 

Hydroxyiwiitotheiiie acid. 264 
Hydroiy-pyridfiies. 202. 

a*Hy^f>x^.valerolftetoBe. pantothenic acid 
2M^' ^ ®®®‘**®****®® product with d-alanine, 

PMtothenic acty. of 
product with d-alanine, 265 
Hjrperkeratosis in vit, A defcy., 02 
HypervttaminoRis, defn., 32 
Hypoglycemia, vit. C therapy, 334 
Hypoplastic tooth in vit. A defcy.. 03 
Hypovitaminoais, defn., 31 
l^rpoxaatfaine, ensymatie ozidn., 175 




•etjr., 

acty.. 


ylt.l»««ect,Bl7 

defcy,, 217 

Jf^S***** lacter In pcraieiotti anemia, 627 

Iodide#, vit. D acty,. 409 

Iodine teit for vit. C, 316 

Iodine, vit. O acty., 400 

w*Ion»ae. 46 

d^loaene. 46. 63 

^l<^lidene>ethyl-acctate, 63. 66 

Irradiatioa, of provit, D, 86i 

Irra^tiott aicknew. nicotinic aoW treatment. 

irritability in vit. B« defcy., 214 
lao-atloxasinc, 160 

»it. C »1« 
leodehydro-choleeterol, 861 
irradiatioa, 877 
leogerottic add, 46 
Isd^tM, CBKntiat amino-add. .540 
laohnuMC a^. emential fatty add acty., 536 
laoprene rule in provit. A etructure, 50 
m vit. B structure. 442 
Isopaeudo-cumcnol ttam ct-tocopherol 441 
Isopyro-caldferol from vit. Di. 300. 307 


Jansen test for vit. Bi. 128 
Jaundice, absorption of provit. A in. 84 
of vit. A in. 84 
vit. K therapy, 507 
Juglone. vit. K acty., 407 


f*ldonic acid from vit. C., 207 
Mdoae in vit. C synthesis. 803. 304 
d'Xainasolyl.alaniae. 540 
Imino^gltttarate, catalytic hydn., 220 
Indicator yellow. 00 
Miidolyl.alaainc (tryptophane), 540 
ladra^^yl-amin excretion in nicotinic acid 
defcy.. 245 

Infeetione in vit. A dd^., 02 
in vit. C defcy.. 383 
In vit. D defcy.. 428 
in vit. B defcy.. 463 
Inoeite. 276 
laodtol. 276 
dihydrate, 277 
ootera, inodtol acty.. 278 
beaa-aoetaU. 276 
Iwceplioephate, 276 
■oidbOity. 277 

IdMmtaia in vit. Bs defcy.. 214 
Ineiditt. relation to vit. Bi. 146 
ro&ation to vit. Bt. lOO 

^tercidtatar enbttancea. influence of vit. C. 320 
S»tw«ftionel tJiiJt of rlb^ 

«lvit.A«fl8 
of vit. Bi. 132 
«f*lt.Bh, 186 
ofvft.C.328 
orvB. 11.416.417 
^4lt.B,466 


Keratitis, interstitial in ribodavia defcy. 102 
Kcratomalada In vit. A defcy.. 02 
Keratosis in vit, A defcy., 02 
«-Keto-carboxylic add, decarboxylation, 186 
a-Keto-btttyric acid, decarboxylation, 136 
a-Keto-glutaric acid, decarboxylation. 136 
in citric add eyde, 137 
nicotinamide eaxymes relation, 227, 220 
synthesis from dtric add. 137, 227 
synthesis from oxaloacetic aci^ 187 
synthesM from pyruvic add. 137, 138 
S-Keto-f-gulo-furaao-lactone, 280 
2-Keto-f-gulonate, methyl, vit. C acty., 314 
2-Keto-f*guloaic acid, ladoaisation to vit. C. 807 
vit. C acty., 814 

2"Keto-liexwiic add in vit. C qmtheMs, 308 
8-Keto-hcxoale add in vit. C syntiiesis. 808 
4-Keto-hexttroiiic acid in vit. C eynthesit. 308 
5<Keto>hexunmic add in vit. C syn]tbcais, 808 
f,3<Keto-tlireo«liexunmic add lactone. 280 
a-Keto^velerfe add. decarboxytotloa. X86 
Kidney, stones, in vit. A defcy., 02 
Kinnerst^ and Peters test for vit. Bi. 128 
Koegulations Vit., 481 


Lectation in p-nmino-beneoie add defcy., 286 
in essential fatty add def^.. 580 
in eesential methyl gnwp defcy.. 646 
X^notation vit,, 684 

Lactic add. eneymetie dehydn., 174, 227 
eynthede from pymvie add. 188, 140 
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L«ctob«cil1us growth factor, 536 
l 4 K:tobadllttS tcti, for biotin, 474 
tar nicotinic add, 342 
for rtboflarin, 184 
Lactoehromc, 164 
Lactodavitt, 163. 156 
Lameness in vit. Bi defey., 146 
Langenbeck cyde, 144 
Lapachol, vit. K acty., 497 
Laquer Unit of vit. D, 417 
LasSittide in biotin defey., 477 
in vit. Bi defey., 146 
Lawsone, vit. K acty., 497 
Lead poisoning, vit. C therapy, 880, 384 
Leprotene, constitution, 42, 48 
isolation, 45 
properties, 42 

Lethal dose of nicotinic add, 249 
of vit. Bi, 150 
of vit. B«, 215 

Leudne, essential amino adds, 540 
Leuco-lactoflavin, 160 
Leuco-riboflavin, 160, 180 
I.«vuUn-aldehyde from vit. Ks, 489 
I^vuiinic add, 51 

Liebermann*Burchard test for provit. D, 367 
Light filters for irradiation of provit. D, 369 
Line test in vit. D assays. 415 
Linoldc acid, 531 
constitution, 534 
essential fatty acids acty., 536 
isolation, 533 
occurrence, 532 
properties, 534 

separation from linolenic acid, 533 
Linolenic acid, 581 
constitution, 534 
isolation, 533 
occurrence, 582 
properties, 634 

separation from Hnoleic add, 533 
Linnsic add, essential fatty add acty., 536 
Lipocaic, 476 

Lipodtromes, classification, 154 
Lipotropic factor, choline action, 544 
iaositot action, 279 

Lhrer drrliosts in essential methyl group defey., 
544 

Liver damage in panthothenic add defey., 269 
Liver filtrate factor, 253 
Lovibond Unit of vit. A, 78, 83 
Lovibond Unit (Wolff) of vit. A, 83 
Lnmfchrome, 160, 179 
syntheds. 168 
Litmifinvin, 158, 159, 179 
synthesis, 168 
Lttmi-iaetoflavin, 158 
Lttmi4aeto8avin test for vit. Bt, 183 
tnmisterol, 872, 375 
Ltttdn, 52 

dtLyoo-d'oaeotene, 41, 46 
Lvoonesie. 46k 46 

Ly^rm. dastification, 163, 154 
Lysine, esseodal amino-add, 540 
l44pighenonic add in vit. C aynthesis, 90B, 

Myatain^in dk. C ^mthaih^ 


M 

Magnesium meUboUstn, relation to rfboAavhr, 160 
Maldc add, ensyiaatic reduction, t77 
Maleic acid, enzymatic defaydn., 174, 227 
in dtric acid cycle, 137 
synthesis from oxaloacetic add, 137 
synthesis from pyruvic add, 187, 136, 139 
Mallory stain, 95 

Mslonic-aldehy'de-earbonytic add from tindehlc 
add. 534 

Manganese in vit. C biogenesis, 812 
Manganese metabolism, carboxylase rdation, 146 
vit. Bi relation, 145 
Mannose In vit. C biogenesis, 312 
Melanin formation, p-amino-bensoic add/ effect, 
285 

Melophanic acid, from neoergosterol, 357,1358 
Mental disorder in nicotinic acid defey., 2^ 
Mercuric chloride test for vit. C, 321 
Meso-inositol, 275 

Mcsoxylate, ethyl, in vit. C synthesis, 811 ' 
Methionine, 543 
essential amino-acid, 540 
properties, 544 

synthesis by transmethylation, 647 
4 - Methyl • 5 - 6 - acetoxy - ethyl - thiasole, 
synthesis, 113 

2 - Methyl - 2 - alkoxy - 3 - chloro - tetrahydro- 
furane, 117 

Methyl - P - amino - aceto - phenone in test for 
vit. Bi. 129 

2 - Methyl - 4 - amino - 5 - amino - methyl- 
pyrimidine, 116 

synthesis, 105, 106, 108 . 

2 • Methyl - 4 - amino - 5 - bromo - metnyl- 
pyrimidine, 116 
synthesis, 106, 107, 108 

2 - Methyl - 4 - amino - 6 - chloro - pyrimidine- 
5-ethyl-acetate, synthens, 108 
2 - Methyl - 4 - amino - 5 - cyano - pyrimidine, 
synthesis, 106 

2 • Methyl - 3 - amino - 4 - ethoxy - methyl - 5- 
amino-methyl-pyridine, 204 
2 - Methyl - 3 - amino - 4 - ethoxy - methyl • 5- 
cyano-O-cbloro-pyridine, 204 
2 - Methyl > 4 - amino - 5 - ethoxy - methyl- 
pyrimidine, synthesis, 107 
2 - Methyl - 3 - ammo - 4 - hydroxy - methyl • 5- 
amino-methyl-pyridine, 204 
2 • Methyl - 4 - amino - 5 - hydroxy - methyl- 
pyrimidine, 116 
synthesis, 108 

2 • Methyl - 4 - amino * 6 - oxy-pyrimidine - 6- 
ethyl-aceUte, synthesis, 108 
2 * Methyl 4 - amino • pyrimidine - 5 - acetamide, 
synthesis, 108, 109 

2. - Methyl • 4 - amino - pyrimidine - 5 *• ethyl- 
acetate, eyttthesls* 108 

2 - Methyl - 4 - amino - 5 • thioformamido- 
methyt-pyrimidine, synthesis, 116 
Methylation, by chotine, 547 
A - Methyl - 6 - benxoyl - proidonic add in 2- 
mcthyt-l,4-naphtfaoqttinone synthesis, 491 
2 - Methyl - 3 - benxyl - 1,4 • anphthoouiitone, 
vH. K acty., 496 

2 • methyl *3 - cfirhethoxy • 1,4 - naphtiwl^rdfo- 
qttiMtaet vit. K noty., 497 
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Methyl •« 
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2 • Methyl - 8 - difarneayl 
vit. K ecty., 406 

* * MDht^ ? * * dihydrophytyl) - 1 4 . 

MetMra^blue test for vit. C, 319 

■ - *•* - “•pkti.cuta^.. 

“*“rrenee in vit. Bt drfcy., 14, 
M«ttyl fnmp, ascatiid, 043 

2 - Me^ . 8 - hydradniiuiyl . 1,4 . mphtbo- 

4<nnaiM,vit.Kaety.,49« oopnino. 

2 - MoUyl . 4 - hydroxy - 0 - amioo - methyl- 
mimidine, ayntberie. 122 

* ‘ • ». - eUoro - metbyl- 

a jy"*"*^!"** aynthiito, 122 ^ 

* ' YdSlUrt ■ - «>ll«y«Jrophytyl). 

* ‘'I'PoPlrtllOflotaoae, vtt. K ecty., 497 

2 • Methyl - 4 - hydroxy - 0 - ethoxy - metbyl- 
munidiae, eyatbeiit, 107, tOO 

llMie, 119^ ‘ •'“‘■y’ • *W»*ole, 

qratheeif. 111 , 112, 118 

2 - M^l - 4 - hydroxy - 0 - hydroxy - methyl- 
pyrimidme, eyatheela, 122 ^ 

J'«roxy4»ocMbo»tyril, 207 
2-McUyl-^hydrox]r-l,4-a«pht^iiinoac, »lt. K 

®®ty«y 497 

8.Metty|-5-hydroxy.l,4-aephthoqutnone. vH. K 
ecty., 497 

2 - Methyl - 4 - hydKuqr • pyrimidine - 5 * ethyl* 
•fixate, eyntheeis, 108, 122 
2 - Methyl * 4 - hydroxy * pyrimidine - 6 - methyl* 
•ulfonic aeid, 105 
^ eynthmie, loh 

Methyl*m 0 iitol, inoiitol ecty., 278 
*^* 5 ^«‘^opyl.*eeuMehyde, from erfoeterol, 

lmlttmi«tei«»l,875 
Cm«b Wt* 111 , 802 


“ 4,5 1 . dieer* 


dimethyl 

monoethyl 


•odium dl- 


‘MW^ecid?!^’^ ’ •’'***■• ■ 

rUhMtoto. 

Ub-iortt. 

2.M ^yl- l,4.a^thehydro(|iil«>ii« dilmasyl 

•“«r,ylt.E ecty., 498 ««y»yi 

-taariteete, 

2-MrthyI.l,4-naphthohydroquinone 

vit. K aety./49S 

2-MethyM,4-naphthohydroquinone 

•utfate, vit. K acty., 498 

^ •cty-. «00 

2*Methyl-l,4-naphthoqulaone, 481 

properties, 485 
solubility, 485 
syatheds. 491 
toxicity, 509 
vit. K acty., 496 

2-MethyM,4^Mphthoquinone*8-acetic acid from 

* ^ arty^ ^498 **^*****'***™^ ®****®» ^ 

' * ^S&te.‘«8' - » - ~«««- 

^htohyl-l-iiephtbylamiae, vtt. K mrty., 499 
2 • Methyl - 8 - mtro - 4 - ethoxy - me thyl - 5* 
o .^®y“<>;®-«hloro-pyridlne, 204 

2-Mettyl-8-0(^ecyH,4-naphthoquinone, vit. C 

®ct3r*» 49 d 

2 - <5 - Methyl * y - pcntenyl) - 1,4 * dihydro- 
•“U»feQwin«ie, vit, K acty., 497 
9-Met^l^naphtbenone.7, vit. K acty.. 498 
a-Me^l.7.|^eayl.butyri^ mM in 2-methyl*1.4. 

uphthattoinone synthesis, 491 
2 * Methyl * 3 - pfaytyl * 2,8 - dihydro * 1 ,4 - naph* 

49 vit. K acty., 498 ^ 

^^^^*-*-P*»5rtyM.4-naphthoqttiaoae (vit.ri), 

vit. K acty.. 496 

^Methyl-9*(d,l^<«ibityl)- isoalloxa^ae. 181 

4-Methy]-t]iiasole-5-ciirboxylic add, 110 
synthesis, 110, 111 
Methyl-testosterone, 30 

2-Methyl*141,8,446tfahydffO-napfaiha1ene in 2 ^ 
2*Me^y1-5,6.7ei*tetrikvdiiiwl :4aam pl2*fad94|th jT wnit, 

vita KI actye, 499 

2 •Methyl - 5M40 * tettnhydro . M - 
QtthieMk vit. X acty., 400 
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ilntaoM iy»th«iis» 491 

8*M«t]iyUl«tttralo«ie, Tit. K Mty.. 500 
M«tliyl*toeail. yj|t. B 440 
2 - MctM - 5 • <5>YfY ^ trinetM « atlyl) • 1,4- 
ttaiihthoqiditime. Tit. K aetjr., 400 
Mctliyl-Tifiyl-keloiie, 51 

Micrttbidtocictl aetfaod fat the deta. of TltiUBini, 
08 

Milk, jfmdiettoii, 871. 408 
Mift fever, vH. D therapy, 408 
Mfawiet metoboliein la Tit. D delcy., 400 
Miaeiml aietabolinB teet for Tit. B dcfey., 400 
Mlaerel otit, «ee me eOlTent for vlt. A, 84 
Mitotenctic radietioa lor activatioB of provit. 
O, 871, 404 

Mold growth test for vit. Bi, 181 
M01ler-Berlow*e diMMe to Tit C defoy., 888 
Moiybdenttm-phoephotttagetio add teet for Tit 
A, 80 

for vit. C, 800 
Moore blue uoit 78 
htaam factor, 507 
M. B. C. UMt of tH. D. 416, 417 
Miiade paiao ia biotia defcy., 477 
Maaeufar dyatrophy la vit. B« defcy., 014 
ia Ttt. B defcy., 450, 461. 468. 464 
Muaealar weakacae ia vit. Bi defcy., 146 
ia vit Bi defcy.. 502 
la vit. D defcy., 428 
Maaad provit. D, coastitutioe, 350 
prophet, 840 

Myaetheoiaia vit. B« defcy., 015 
Myelia, chaages, ia riboflav&a defcy., 101 
Myelopathy, vit. B therapy, 454 
Myopia, la vit. A defcy., 00 
Mytnitd. ioodtot acty., 278 
Myaoaaatiiia, coaatitatloa, 40, 48 
iwlatioa,45 
oocarreace, 
propcrtiee, 42 

W ' 

Naiaiaa teat for vit Bi, lOO 
5-Na|dithofc aeid ia 2-aMthyl-l,4-aaphtho- 
ipdaoac ayatheiia, 401 

jO-Kaphtholcacid aitriSela 0-iacth]d-l,4-aaphtho- 
aufooae aydthaaie, 401 
l-KadtatM, vk. K acty., 500 
^Ki^fithoqalaoliaa ia aiootlaie add ayatkeaia, 
004 

i jrnt h f it i, 778 

Kapikho-tocophirol, vit B acty., 450 
vltB4ety.,4a0.408 

li-NkphthyUadae fo aiortidc add qrathcdt 2^ 
Koerodi (Udaer) ia esaeatiid eactliyl^grovp 
dcfoy..544 

Naccoaiefaiaade alien) ia vit. Bdefey., 480 
N eeec g o rter o l , 857, 858 
N’ea-tacephcral. 480 
|f«|Mllii^ vk. P tharaiqr, 518 
thraagefciiBaeO, vit Bi 
M e r0 d<i i ' i i p i tlM 8 ^ Mada Mcy«, 477 
laaieMiaicadddefesr', 045, 046 
541 

148.148 

n4 


la «i8|ae dafcy.., 

m vn. Mi oeMgr,. 


la vit.B defcy., 450, 458 
Neuralgia la Tit Bi defcy .i 148 
Neafofofical ledoat ia vit. A defer., 00 
Nearoaulada ia ribodavia defcy., 101 
Niada.210 
Niada aedde, 010 
Niaadde,010 
Nieotiaaaiide, 210 
abeorptioa ipectrttei, 220 
^-diethyl. 080 

ghieoaido-iodide, aicotlBamidc acty., 880 
fodomethylate, 088 . 
iO-methyl, 089 

•epaimtioa tram coeagyaMa, BM 
•epamtioa ham aiootlaie add, 801, 042 
Kieotlaate. ethyl, 280 
Nicotine, odda. to aiootiaic add, 828, 204, 1 
Niootiaicadd. 010 
abaorptioB •pactntm, 020 
amidatioa; 285, 044 
deearboaylatioa, 208 
•eparatkm from aieotiaaialde, 221, 040 
vit. Bi acty., 528 

Nieotimirie add, aieotiaic add acty., 080 
Night faUadaoM ia vit. A defcy., 02, 08 
Nitric add ted for vit B, 458 
Nitro-brodae teat for vit. C, 802 
Nor-atlo-chdanic add, 850, 851 
Nor-allo-dudaaic add, 8-acetoxy, 850 
Nttcleaae, acCivatioa vit. C, 828 
Nyctalopia ia vit. A defcy., 00 


2-v-Octadecyf-l,4-naphtheqiiiBone, vit. K ads^., 
409 

Oeta-hydro-Wt. Dt, 800 
Oettroa cycle teat for caacatial fatty adda, 587 
Oil for vitr A prcparatioiia, effect on vit utitiaa* 
tion, 84 


Oila ea aolveata for vit. A, 68 
Ophthalaaiin, 57 

OpiadHitoatta ia vit. Bi defcy., 145 
Oniithine ia nicotinic add biogcacala, 025 
Oryaamki, 99 

Oaaaoae-ftirfiiral teat for vit C.. 821 
OaloUaltofvit D, 417 
Oateodentiae in vit. C defcy., 888 
Oateoaialeda in vit. O defcy., 428 
Oateeporoda ia vit D defcy., 408 
Ovary atrophy in vit A defcy., 02 
Ovoflavin. 158, 155 
Oxalic add test for vit. C,800 
Oxalooccdcedd, ensyatatk hyda., 087, 080 
ia dtrie add erde, 187 
ayathcaia front pyruvic add, 186 
00410-Oxido-frgoalefd, properUea, 840 
ayatheda, 864 

7-€gn-^etcstaral*eeetatala T-dehydro-chdoikecdl 
ayathftda,860,8fll 

7>Oxo-dMfosterd*bcasoata ia 7-dehydro-yhelea 
tccol afathesb, 865 
Oxy-d-earotene, prgparatioa, 75 
vit. A acty., 75 


Padd-Idaa l7aH of dt 8« 485 
pMMieaa ihteals, vit Aie 98 
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to vlt. B defcy.. 4fl2 
^■ntlQrroid, vlt. O rdttioii. 49A 

d«fn., 3?*^ 

to nioottole tkd 4«fidr«. S46 

to pcatotlicnie ■dd defcy, 26S 

ja riboflavin dd^.. igfl^ ' 
to vit. B« Mcy,, 214 
vit. B« therapy, 528 
multiple vlt. defcy., 246 
PrtVMrtive factor, 219 
useoftenn, 258 
Pellafcesaine. 219 

'**>®^fto treatment. 192 
ucty.# 451 

vjt. 

Pbri*yiln>-vit. A, 68 
vit. A acty., 75 

FmistaleU to inoeitol defny., 279 
iu nicotinic add defcy., 245 
PttiwtoUe provit. D, conetitution. 859 
propertiei. 849 
Permeability vit. (vit. P). 513 
Perode in ohotine defcy.. 545 
to vlt. Bp def<?y., 523 

Pbarm^ocical action of 2-metbyl4.4*aaphtho- 
9uinone.509 »Fo*ao. 

of nicottoamide. 249 
of aieottole acid. 249 
of pantothenic add. 270 ' 
of provit. A, 95 
of vit. A. 95 
of vH. Bi, 149 
of vlt. Bi, 198 
of vit. Bi, 215 
of vit. C. 887 
of vit. D, 429 
of vit. B, 464 
of vit. K, 508 

nmnyMantoe, emential nmtoo add, 540 
Ptay]<crotyl-alcohol, cnsymatic reductioa, 177 
OrPbenylenadtominc. 168 
8^Phenyl-pyridtoe, 224 
Phoran. 171 

Wfiinmm, vlt. K ncty., 498 
Ptonpha to ee, IM, 179 
nedvatton by vit. C, 829 
to vit, D dofey.. 42$ 

Pbodtonfedonom, 125 

Mbot^o*9liieooatc, nicottoamide encymes tda- 
' • ttad* 287 , . 

l^toitofrjdyoecnldelKy^ omiymatic dehydn., 227 
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of noho, 1 » 

Hw^orlendd Oder reaction to!^. 

ptttachloeide toit lor vlt. D, 418 
Pbm^Q^lation of riboflavin, 177-179. 186 * 
of Vit. Bi, 124, 185 *00 

Pbotoflavto, 158 

»otophobia to riboflavin defcy., 192 

„o 

**S^**!1***?J® eynthede, 297 

***** ^ 

Pbthloed to vit. Ki eynthede, 498 
ocenrrenee, 482 
„J*J;>t«ty-.497 
Fhylloqatoonee, «, fl, etc., 481 

methode tor the deto. of vke., 21, 22 
^ytodiene in vit. B eynthede. 445 
Phytic add, occttirenee. 276 
Phytol m vit. B eynthede, 445 
to vit. Kt eynthede, 492 
oxidn., 488 * 

P^tyl ^ide to vtt. B eynthede. 445 
*‘^^J*“l**-»apbthoqtttoone, vit. K acty., 
4vo 

**^**Jg*’**^®opbthoqutoobe odde, vit. X acty., 

Pby^. toodtd acty., 278 
niytoxaathtoe. $St 

d-nodine to aicotiaic add eyntheda. 224 
Hedtoic add, doearboxylatioa. 228 
PiementathMi. 9>«mteo>benxoic add effect. 285 
poatothenic edd effect. 269 
Pilot dye, 61 

Pitardli'e test for vlt. C, 321 
ntuit^, anterior lobe, vit. D relation, 427 
vit. B relation, 459, .460 
Paeumonta. nicotinic add therapy. 247 
vit. J therapy, 528 

Pdarograpbic determtoation of riboflavin, 188 
<n vit. C, 816 
Polyeaee, 46 
Pdyene eynthede, 65, 66 
Pdjmcuramia, 99 
Polynenritie, to vit. B| defcy., 146 
Pdyterpenee. building priadple, 50 
Porpfaynmxto, 90 

Porpbyrtotiria to K bypervitamtoode, 609 

Porphymria to nicottoie add defcy., 246, 248 
Pottleean Unit of vto P, 417 
P. P. factor, 219 

^** 14 ? *"** McCdlum tcct for vlt. Bi, 129, 

Precordial dietreee to biotto flcfi^., 477 
Preecorbutic state, dctcetioa, 885 
Prdtoe to nicotinic add btogdiesie. 226 
Prontoeil, 20 

Prophylactie Unit of vit. P, 417 

Propionaldehyde fiom Itodcttlc edd, 684 

Propylene gtyeol ns sdvtnt tor vit. D, 408 
2-ii.^yt.l,4.aapbthoqninona, vit. K ady., 

Proetbeticgroiip of oanFmee, 171, 227 
Pto^echyetoml, t7l» 877 
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Prothrambia ia blood coag:idatioii, 50$ 
Prothrovtbiti dot(iag time, data., 502, 50B 
Prothroaibhi factor, 4Sl 
Provh. A, bttildlaf priactple, 50 
etaatfOcatioa, 4, 98 
Ma., 4, S8, 55 
fomuta, ^loag dbaia/* 43 
forotula, *'oi>ea flag," 43 
ia aaiaial materials, 88 
ia plaat ataterials, 38 
optical acty., 43 
precursors. 51 
proteia complex, 38, 43» 85 
solubility, 43. 52 
storage. M 
vit. A acty., 74 
Provit. As, 55, 70 

Provit. D, absorptioa spectrum. 349 
deta., 344, 345 
solubility. 349 

Prusaiaa blue test for ^t. C, 822 
Pseudo-cumeaol’O from a>tocophcro1, 441 
Pseudo-ioaoae, 46 
Purtaes, eazymatic oxida., 175 
relatioa to vit. A, ^ 

Purpura ia vit. P dcf^., 518 
Pyraaiae-carboxylie acid, aicotlaic acid acty.. 
240 

Pyraxioe*2,8>dicarboxyltc acid, aicotiaic acid 
acty,, 240 

Pjrridiae, by degradatioa of aicotiaic acid, 223 
ia akotiaic acid syathesis, 225 
FyHdiae^S-carboxylic acid, 219 
aaiide, 219 

P 3 rridiae-d-carboxylic acid, 219 
amide, 219 

PyrkUne-y^carboxylic acid, dccarboxylatioa, 223 
Pyridine nucleotide oxidase, 173 
IVridine-poly-carboxylic acids ia picotiaic acid 
syathesis, 224 
Pyridoxhi (vit, B«), 197 
PyrO'Calciferoi ftom vit. Ds, 390, 397 
irradiation, 399 

Pyruvic acid, carboxylatioa, 136 
decarboxylation, 186 
deta., 

ia urine, 148 
ia blood. 149 

easymatic hydn., 227, 229 
SBCtabolism, 123, .185-141 


Qutapdirome8,defn., 122 

QuiacjHae la aicotiaic add ayatiiesss, 225 

Qidaoliaic acid, aicotiaic acid acty., 240 


Mbbittestforvit.£,454 
forvit.K.503 
Vtadiltaiabi, 841 
fMdtbsterot, 841 
iUdllilNMd diets, 414, 421 
Itadhtai aiaaaiitiad for aetivaiioa of prodt.' 

m ' : 

UiimiKMn ia AdliypcrvltoadaoeiSr «8 


Rs4 aatidenaatitis factor (vit, Bd, 197 
Ret t^, for a^mino^beasoit add. 284 
forl^otia, 473 
for essential fatty acids, 537 
for pantothenic acid, 2^ 
for ribodavia, 183 
for vit. B«, 211 
for vit. D.. 414 
for vit. B> 454 
Jor vit. P, 516 

Rat pellagra preventive factor, 198 
Rat Unit of t^otin, 474 
of vit. B, 455 

Raybin reaction for vit. Bi, 130 

a,0 and v-Rays for activatioa of provit. D, 1 

Redoxia, 290 

Reducing factor (vit. C), 291 
Reductone, 290 

Reproduction in essential fatty acid defcy., I 
in pantothenic acid defcy., 269 
in vit. A defcy., 92 

in vit. C defcy., 334 ^ 

Reproductive vit., 435 

Resorption sterility in vit. B defcy., 454, 45 
450, 461 

Respiration, biotin relation, 475 
in anaerobic cells, 185 
Respiratory coensyme, 234 
Retinene, 00 

f*Rhamno>aseorbic acid, vit. C acty., 314 
Rhamnose, grovrth factor, 542 
Rheumatic fever, vit. C therapy, 334 
Rhododavin, 161 
Rhodopsin, 89 

Ribamine, 164 f 

Riboflavin, 153 
fluorescence, 179, 182 
phosphorylation, 177-170, 186 
separation from riboflavtn^phosphoric add 
ester. 183 

separation from riboflavin-protein complexes, 
183 

separation from vit. Bi, 101, 102, 156 
solubility, 156 

Riboflavin-adenine-dinucleotide, 155, 171, 179 
detn., 184 

requirements by mosquitoes, 193 
separation from codehydrogenases X and 11, 

vit^Bi acty., 181 

Riboflavin, diacetone— preparation, 158 
vit. Bt acty., 181 
Riboflavin-dtttttdeottde. 171 
(see also under Riboflavin-adeninc-dinudeo- 
tide) 

Ribodavin-gluoosides, vtt. Bt acty., 181 
Riboflavin-mono-ttttcleotide, 171 

(see also under Riboflavin-5 '-phosphoric acid) 
Riboflavin-S'-phosphoric add, 177 
occurrence, 155 
separation from riboflavin, 168 
separation from riboflavin-protein complexea* 
183 

vit.. Bt wety., 181 

Ribodavin-pfaosphorie add-adeniac-ditiuciootlde« 
155 ♦ 

Riboflavin-priitein*eotti|ltex, 155, 168 
Ribedavin-tetea^aeateta, preparation,^ 156 
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irtt. % avty., m 

ttttfR-ttMtyl*, 1Q9 
4i-RiboM, growth Yaietar, 542 
in vU. Bt syntlMMb, 166, 170 
ILic« factor, 642 

Riehcts. ioctdence in scaioiit.' 406 
ia vlt. D defcy., 420. 427 
Rocatgeaograpliie dcta. of vit. C dtfcy., 887 
of vit. Ddefcy.. 428 
Rococea, biotin thdrapy. 477' 

Roaary. rachitic, in vit. D dcfcy., 427 
Roacoe Unit of vit. Bi, 182 
Rosenhoim reaction for provit. D, 867 


ff^Saccharic acid in l*gulonic acid ^ntheaie, 305 
in i-xyloee xyntheris, 308 
Saceharomycetes Unit of biotin, 474 
Salkowtki reaction for provit. D, 367 
Sativinic acid from Itnoleic acid, 534 
Schardinger eneyme. 176 
Schiff baM, tautomerism, 166 
Sclerosis, amyotrophic lateral, vit. B therapy, 
464 

Scorbutamin, 280 
Bcnrvy, in vit. C dcfcy., 333 
Seborrhea, biotin therapy, 476, 477 
Selenous acid test for vit. C, 821 
/f-Semi^carotenone, preparation, 75 
vit. A acty., 76 
mono-oxime, 
preptfation, 75 
vit. A acty., 75 

Serum volume test, for vit. K dcfcy., 508 
Sex organs, atrophy (see also reproduction) 
in vit. A defcy., 93 
in vit. Bi defcy., 190 
in vit. Bs defcy., 214 
Sherman Unit of vit. A, 88 
Skin factor (biotin), 469 
Skin, dryness, in vit. A defcy., 02 
Slipped tendon in vit. By defcy., 523 
Smith Curative Unit of vit. Bi, 182 
Sodium alcoholate test tor vit. K, 501 
Solvent effect in irradiation of provit. D, 370 
Solvents for irradiation of provit. D, 370 
Solvents for vit. D, 403 
Somnolmice in biotin defcy., 477 
d-Sorbitol in i-xyloie synthesis, 308 
in vit. C synthesis, 304 
occurrence, 304 
oxidn. to l-iorbose, 804 
f-Sort>ose, in vit. C biogenesis, 312 
in vit. C synthesis, 803, 304 
oxidn. to 2-kcto-gttlonic add. 306 
synthesis, 304 

SpUMnophtlfa in vit. D defcy., 428 
Spasms in vit. B defcy., 462 
Species ^^Bcity, defn., 19, 406 
of vit. d, 409 

SpeelBcity, compound, 19, 406 
species, 19 406 

Speetaded eye condition, 254, 269» 280, 477 
Sper^n, ensymatic oxUhi., 177 
Sgteea in essential methyl iroup defcy.. 544 
Spme, vte. X thefapy, 607 
a^yt test lor vit. 130 


Spurious vft. A, 68 a ' 

Standard Unite! vit. D, 417 , . 

Stannic chloride odor rtsetien for vit. A 90 
Staphylococcus test for bSotin, 47A 
Stsmic add from lioolenic act^ 866 
Stssnboek Unit of vit. D, 417 
Staoporosis in vit. C defcy,, 888 
SterOamiae, 485 
SteriUty io vit. B defcy., 461 
Sterols, defn., 361 
dehydn., 852 
Sterol X, 376 

Stones in bladder, in vit. A defcy., 98 * 

Stones in kidney, in vit. A defcy., 92 
S. U. (Saceharomycetes Unit) of biotin, 474 
Substance A', 66 
Substance A*, 66 
Substance 248, 880 
Sucdnic add, dtrlc add cycle, 187 
synthesis from fumaric acid, 177 
synthesis from oxaloacetic acid. 137 
synthesis from pyruvic add, 188, 137, 138, 139 
Sucdnic add cycle, 187, 138 
Sucdnic acid dehydrogenase, activation by vit. 
C. 329 

Sulfanilamide. 20 

counteraction by p-amino-bensotc add, 283, 
286 

test for vit. C,821 

Sulfhydryl-compounds, vitagen nature, 649 

Sulfur compounds, vitagen nature, 649 

Sulfuric add color reaction for vit. A, 80 

Suprasterol X, 381 

Soprasterol XI, 881 

Synergism of vit., 29 

Ssent-Oy6rgyi*8 test for vlt. C, 821 


Tachysterol, 378, 877 
l-Tagatose in vit. C synthesis, 803. 304 
/’Talose in vit. C synthesis, 303. 304 
Tartaric add, vit. D acty., 409, 426 
Tartronic-dialdehyde, 290 
Tauber test for vit. Bi, 130 
Tauber test for vit. C, 321 
Terpeaes, building principle, 50 
Testis atrophy in riboaavin dcfcy., 190 
ia vit. A defcy., 93 
in vit. B defcy., 459, 460, 468 
Testosterone, 20 
Tetany in vit. D defey., 426, 428 
treatment with A.T. 10, 380, 425 
treatment with vit. D, 426 
Tetrahydro-vit. A, vit. A acty., 76 
6,7,3 ',4'-Tetrahydroxy*flavanpBe (eriodictyol), 

616 

6,7,8\4' - Tetrahydroxy - flavaaone - 4' - methyV- 
ether (beeperttia), 615 

Tetrahydroxy-stearic add, essential fat^ add 
acty., 536 

from liaoldc add, 634 

2,5,7 ,8-Tetramethyl-ehinman, vit. B acty., 451 
8,7 - Tctramethylme - 9 - (1,1' - arafaityl) - »<► 
allotastne, 181 

Tbayer<Doisy Unit of vit. K. 503, 504 
Thayer Unit of vit. X, 504 
Thmnpeutle index of vlt. Bi, 160 
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tUMtilc-5>4»rb0K7lk «cid, uleotitiie mdA *etr„ 
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Tltehramc. 120 
afaaoc^imi ipectntiii, tOO 
fittormettee, 121 
WtMUm, 120 
oeourmee, 120 
pc ap ar tie i, 120 
•jrttthMif, 121, 122 

vit. Bi acty., 190 

HtJcMBhrome test far vit. Bi. 128, 147 
7 -TUocyaBO- 7 -aceto>propyl^aeetate, isratheslt, 
112 

TtMomiainiifc ta vit. Bi syntfiesig, 111, tl2 
Thiourea in vit. tyatheris, 122 
l-Threo-S-keto-hexuroaie acid lactone, 280 
Mlireoatc acid from vit. C, 208 
Threonine, esaenttat amino^acid, 840 
<-Threo<2,8,4,8.6-peetosy4iexen-2-cartM»ylic acid 
lactone, 280 

i-Tbreoae in vit. C ayntheab, 810 
Throtnhitt in blood coagulation, 805 
Thrombocytoaii in factor T defcy., 526 
Thrombol^ae in blood coagulation, 605 
Throntbopettia, relatiott to vit. 1C def^„ 507 
Thromboplastin in blood coagulation, 505 
Thymus in essential methyl-group defcy., 544 
in pantothenic acid defcy., 260 
in riboflavin defcy.. 190 
in vit. D defcy., 427 
invit. Bdefdy., 462 
Thyroid in vft B defcy., 450, 460 
Thyroxine, relation to vit. A, 01 
relation to vit. Bt, 144 
relation to vit. Bt, 190 
relation to vit. C, 832 
Tissue saturation test for vit. Bt, 108 
Titanous chloride test for vit. K, 501 
Toool, defo., 485 (footnote 5) 
vit. B acty., 440 
Toeoflherol, 485 
nomendature 436 (footnote 7) 
shTociq^herol, 485 
eoasUtution, 440 

separation from fl-toeopherbl, 488, 439 
vit. B acty., 449 

di-a-TocQpherol, vit. B acty., 440 
iP>ToGe|riherat, 486 
constittttlon, 448 

separation from «-4oeophefeil» 438, 480 
vit.Bnety.,440 
yToeop h ero l , 486 
Cflttititiitiolik 444 ' 

'tdt. S acty., 440 

TOnofflus^ aceUte, vit. B pety., 449 
Tsepiiherdl aUo^nata, vH. B nety.»449 
ToeopherolHestecs, vit. B acty.. 449 
^jtam^SraMhsrs. vit. B acty., 449 
Tsdopherol pmidooate, vhfc* B acty., 449 
Toas^MThl^inoiier, vit. B aety., 449 

phdpphsric add odor, Wt. 1 

iwtr*»449 

IteaplMnrt^^iiM, 442 

Tha, taflaA* kt riboflavin dsley., 191 

MMw4BA840lnM»rtK^ add, 858, 887 


s-Tsltlidina4ldinasilm^Mids^ » 

To0th,in vit. Adder., 98 ; 

ittvH.Cdcley.,820 
in vit. D daf^., 1^, 488 
'TortdU^Jalld test far prodt. t>, 867' 

Tortetn iafld test ler vit. 418 
Torutm,99i 

Todsterol. 880 , 

Transient orange, 90 
Trsasmsthylation, 547 
Trkshloro-acetie a^ test for provlt. D, 867 
lor vk. A, 80 

Trkhoehromogeaic fadfor, 288 
Trigonelline, nicoUntc add acty., 289 

1.8.4- Trihydroxy-anthracpiiBone, vit. B 

407 J 
0,10,12-Trihydroxy-stsaric kdd, essential fmy 

acid acty.. 586 \ 

2.3.5- Trimethyl-l ,4*bsnxoquinotte, vit. B acty., 

408 \ 

2.2.7- Trimethyt-oOHmaraa, vit. B acty., 451 \ 

6,7 - Trimethylene • 9 - (f.l^ • arabityO ? i life- 

asine, 181 V 

Trimethyl-ethyl-hydroquinonc, vit B acty., 45p 
Trimethyl-hydroquinone from fl-tocopherol, 448 
from y-tocopherd, 444 
in a-tocopherd synthesis, 445 
vit. B acty., 450 

2.4.5- Trimethyl-8-h3rdroxy-pyridine, 200 
2,6,10-Trimethyl-peBtadecanone-14 from vit Bi, 

488 

2.8.5- Trimethyl-5-phytyl-l ,4-beBxoquinone, vit 
B acty., 408 

5.7.8- Triniethyl-toeol, 485 

Triese catabolism, nicotinamide ensymes rdar 
tion, 227 

Tripbosphopyridlne nucleotide, 284 
Tryptpphane, catabolism in nicotfauc add defcy., 
245 

essential amino-add, 540 
Tschugajeff reaction for provlt D, 868 
Tuberculosis in vit. C ddcy.» 888 
Turkey Unit of vitamin U, defn., 410 
/-Tyrosine poisoning, vit. C effect, 880 
Tyrosinase, y-amin^bensoic acid effect, 285 
vit C effect, 828 


'Ulcers, vit. C therapy, 884 
vit. M therapy, 525 

Ultraviolet fight activation of provit D, 868, 860 
Uradl-d-riboside, rem^al from pantothenic add. 

256 

Uraayl-aceUte test for vk. C. 820 
Urease, activation by vk. C, 828 
Uric a4^. 170 

Uridine, removsl from pantothenic add, 280 
Urinary celculi In vk. Adsfey., 92 
Urinary excretion of y-amhi9taisdc add, 2|5 
of creatine in vit B defcy., 464 
oftticotiiiicadd,244,247 
of nkoUnuric add, 244, 247 
of pantoch^k add, 268, 270 
of porphypins, 246, 248, 249 
ofrkmiavtevtir 
oltrigosidtfait,244,2i7 
*«fvltBt*l38,147 
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liraflAvk. JS 7 

U. S. Pk«r»MpMi* ittfmice Cod Uvtr Oil, 

«« , . 

U. 3. 

orvtt.^. 3 i 3 

olyite. 

tIMM In vlt. B dotiid,, 454 . 

V 

iotille', in vit. A defcy .. ^ 

VaHho, ovateUd amiiio-ocid. 540 
VaoadidiB teat for vit. C, 321 
Voaetdoir Mona in Wt. A defey., 38 
Vkaetdiir |>enn«it>t 1 ity is Tit B dcfcy,, 518 
Vordoflovin, tOl 

Verdo^tenochfomoien from bemoKtobiA, 828 
Vinoeat*a hifeetion and nicotinte add defcy.,. 247 
Vioderd, 841 

Yialon, Influence of vit. A, 89 , 92 , 93 
influence of vit. Bs. 180, 191 
influence of vit. C, 333 
Vitafena, 529 
daiaificatiott, 6 
defflu, 6 

deacription, 581 
Vitam^, defn., 3 
VB. A, blood levd, 93 
clatdficatkMi. 4 , 38 
defn., 4 
eatori, 82 
vit. A acty., 75 
**bM^ofi,** 70 , 71 
fldoreacence, 82 

influence on carbobydrate metaboliam, 88 

tofluence on chdeatcrol metaboliam, 88 

ittfludiGe on fat metaboliam, 88 

in planta, 88 

nmMliaation, 80 

protein complex, 89 

•torage, 86 

vh. B influence, 460 - 
Vit. Ai. 57 

Vit. At flnoreaeence, 82 
in mammalian nutrition, 71 
pl^aidogical dgniflcance, 71 
VB. B complex, 13, 15 
VH. Bi, ahaorption 4 >ectrum, 108 
dotn. In preaence d vit. Bi-pyrophoaphate, 130 
oflect on ptanta, 183 
flHflbyt 4 iomdog, 127 
in blood aerum, 135 
pboopborylation, 124 
aalU ,108 

aepamtioti brem riboflavin, 101, 102 
•Oinidlity, 103 
dridbefis, 116 
titimtiott, 113 

Vtjfc. Bt^itietate, narve exdtement, 142 
Vlt Bi*bromldo 4 iydtobromide, converaton into 
tba dfloride bydrodilorlde, 116 
Vlt^^fliiidfldo,t»rl 48 
Vlt Bi^taonepboi^^, 124 * 125, 185 
^oomntbnao* 101 , 

' vlt Bt'Oidy.* 113 ' 


Vit. Bf pwiti l i i m u inh i i. W, W . ? , 


Vit. a, (iM ottte S»Mia,te) 

Vft. Bl (sbmttoimi te immIWr W*. . 

dWv 

Vit Bi. 581 , , 

rdation to pdtttotbonk add. 261 

VU. Bi .521 
Vit.B »,522 

. r(itatiotttottieotinamide, 2 t 9 
Vit B«, abaoeption apactrum, 200 
blood level, 218 
adubility, 200 
vitBiaety., 219*522 ^ 

Vlt. Ba eaten, vh. Ba acty., 209 
Vit. Bt etben, vlt. Biacty., 209 
Vit. Bt protaitttoomplex, 198, 199 
Vit By, 522 

Vit Bt (adenylic add), 522 

Vit B«, 528 

Vit B», 523 

Vit B» (biotin), 469 

Vlt. B» (p-amino-benaoic add), 233 

Vit. B« (pantothenic add), 258 . 

Vit. C, 289 

abac^tion apectrum, 294 , 295 , 297, 815 
diaaodation conatanta, 296 
optical acty., 295 
oxidn.-redttctioa potential, 895 
aolubility, 295 
Vit Ct, 528 
Vit D, 341, 833 
constitution, 401 
iablatioB of natural vit D, 387 
isolation of synthetic vit. D, 883 
Vit. D milk, 408 
Vlt Di, 883, 339 
constitution, 891 
iaolatioa, 375 
nomenclature, 874 
preparation, 375 
Vit 01 , 341 , 873,883 
addition compounds, 889 
oonstitution, 392 
properties, 889, 416 
stability, 389 
Vit Da, 841, 388 
constitution, 899 
properties, 390 
Vit Da. 841, 383 
eonatitutiott, 4 <X) 
properties, 890 
Vit Di, 841 , 888 
cottstitttthm, 401 
Vit Dad). 888, 888 
constitutioB, 401 
Vit B, 485 

antiffiddative properties, 440 
aatioxidant for vit A, IB 
relation to stored vlt A, 480 
cetubUBy. 440 

VB. F (eaeential fatty add), 5 fll 
Vit P (historical namo for vB. Bi) , 99 
Vit P| (essentia) fatty adds), 581 ^ 

Vit G (ddUMloned W pantdAenie add)* ' 
158 
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Vit H'(tiifUdcftl.iiiui»e ipr vH. Bi), ,197 

*Vit. H^hiiCocicftl Siam for m trout grourtli factor), 

Vlt E, 48l 

. iimter-aolttblcfannu, 499 
Ahior^tteo apcctrttm, 4^ 


vit. K acty., 496 
Vh. Ks, 481 
vit. K acty., 496 

Vit. K dafcy. by ddoroform intoKicatkm, 603 
by f-totuane-diamiiie intoaicatioii, 608 
Vit. Ki hydroquiiiotie diaeatatc, vit. K acty., 
498 


Vit. Ki hydroquinone diacetate, vit. K acty., 498 
Vit. Ki bydroquiiioiie diphoapfaork add, vit. K 
acty., 498 

Vit. Ki hydroquinone potaanum disutfate, vit. K 
acty., 498 

Vit. Ki oxide, vit. Kacty., 498 

Vit. Li, 624 

Vit. Li, 624 

Vit. M, 624 

Vit. P, 618 

Vitaxyme, 6, 14 


W 

Warburg’s Coferment, 234 
Water iiabibitioa in vit. Bi synthesis, 142 
Water metabolisin, nicotinic a^ relation, 245 
vit. Bi relation, 142 
Water-soluble B, 12 
Wound healing in vit. C defcy., 833 


Xiiviliiacuxidaijh, 171 
. xerophtfeudho^ ia vit. A delhy.,9tr 
XstttlMphyU, 68 

X-ray stdmcss, nkottttic add ti^tnMUt, 247 ' 
XHraVs for active)^ d .provit. 0, 871 

0- Xylene ih rib^avin systhesit. 17Q 
p-y^enoilrom 4-toeQpberol,448 
3,4-Xylidette in dboBavin syatbhds, 166 

1- Xylo-aseorbic acid, 289 

0- Xylo-hydroquinottc in v^toeopbtrOl ^tbe^, 

vit. B acty., 466 

ia-Xylo-li|ydroqttinoae, vit. B acty., 460 . 
p-Xylo-hydtoquinooe in d-toccqiherol sydhisif, 
445 

vit. B acty., 460 

1- Xylo-2-lceto-hexonic acid in viti C synthesis, 

308, 804 

/-Xylose, growth factor, 642 
in vit. C synthesis, 808 
occurrence, 308 
synthesis, 808 

/-Xylosone in vit. C synthesis, 309 
o-Xylo-tocopherol, 486 
m-Xylo-tocopherol, vit. B acty., 449 \ 
P-Xylo-tocopherol, 436 


y 


Yeast eluate factor, 197 
Veast fermentation test for vit. Bi, 181, 148 
Yeast filtrate factor, 258 
Yeast test for biotin, 474 
for inositol, 278 
for pantothenic add, 266 
for vit. Bf, 211 j 

Yellow ensyme, 164, 171, 172, 178 ^ 

Ydlow ensyme test for riboftavin, 184 

Z 


X 

Xanthine, ensymatic oxidn., 176 


Zinc metabolism, vit. B| relation, 146 
Zwischenferment, 171 




